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(57) ABSTRACT 

This invention provides: a therapeutic agent for graft rejec 
tion, graft-Versus-host disease, autoimmune disease, allergic 
disease, or other diseases comprising dendritic cells (DCs) 
induced under culture conditions comprising both IL-10 and 
TGF-B or DCs prepared by adding inflammatory stimulation 
(e.g., TNF-C. or LPS) to the aforementioned DCs and, if 
necessary, an antigen associated with a target disease; a 
method of inducing human immunoregulatory dendritic 
cells by culturing human dendritic cells or their precursor 
cells in vitro with cytokines comprising at least IL-10 and 
TGF-B; human immunoregulatory dendritic cells obtained 
by Such method; and a pharmaceutical composition com 
prising Such human immunoregulatory dendritic cells. 

c83 E-cad 
s 

ba A nor Cs 
--S, as , 

s10-induced. DCs 

GF-b-induced cs 

Fluorescence intensity 

nature 

Ca c1 c11 

As A Ex ---as, 3-Yrs, says, 
is e y 

es es ra 

2 7" - ". re- "r- 
s 

s X 

it. y S. S --- 

R 3. 

rt r -- ri 

----, --- i. 

s 

R --OrtGF-bt-induceddCs 
i--- starts. 

co83 E-cad 
e 

AA A nota Cs 
rets, assi 

e-induced Cs 

--" " --- i. 

y GF-b1-induced ocs 
,---, -sist 

V s 

yA A -TGF-b-induced ocs 
r- s " 

Fluorescence intensity 



Patent Application Publication Feb. 10, 2005 Sheet 1 of 58 US 2005/0032210 A1 

Fig. 1A 

immature 

CD1a CD14 CD11c CD83 E-cad 
8 R- zd 

Kx. A nomalocs --- " ' " " " or r"" 

s s s 

2 W A Il-10-induced DCs 
s s 2 --- ga *if its rt--" r"- 

s 2 8 
> 
t TGF-b1-induced DCs s Wria AK s N 

r"r- --- it r"-- -" " '' 

8 s R 

sia i- fra- -- risis". 
Fluorescence intensity 

mature 

CD1a co14 CD11c CD83 E-cad 
R s a R 

all-set. -st. Class, its as ". 
is a R r f 7. 

2 A A -10-induced DCs 
s i 

z is sti, is is, St. "3---, 3-, i. 
9 

s 
U y TGF-b1-induced OCs 

Ye -- "--" re-- -se, 

s 

EA A -10 TGF-b1-induced OCs 
is as irs". 

Fluorescence intensity 

  



Patent Application Publication Feb. 10, 2005 Sheet 2 of 58 US 2005/0032210 A1 

Fig. 1B 
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Fig. 1D 
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METHOD OF PREPARING 
IMMUNO-REGULATORY DENDRITIC CELLS AND 

THE USE THEREOF 

TECHNICAL FIELD 

0001. The present invention relates to a therapeutic agent 
for graft rejection, graft-Versus-host disease, autoimmune 
disease, allergic disease, or other diseases comprising den 
dritic cells (DCs) induced under culture conditions compris 
ing at least both of IL-10 and TGF-3 or DCs prepared by 
adding inflammatory stimulation (e.g., TNF-C. or LPS) to the 
aforementioned DCS and, if necessary, an antigen associated 
with a target disease. 

BACKGROUND ART 

0002 Dendritic cells (DCs) are the most potent antigen 
presenting cells in an organism, and they are known to 
induce immune responses by presenting an antigen to T 
cells. DCs are known to act directly not only on T cells but 
also on B cells, NK cells, NKT cells, and other cells, and 
they play major roles in immune reactions (Hart, D. N. J., 
Blood 1997,90:3245-3278). Immature DCs exist in periph 
eral tissues, and they arc highly capable of incorporating 
antigens, although their capability of Stimulating T cells is 
low. When immature DCs receive infectious or inflamma 
tory Stimuli, they cause coStimulating molecules Such as 
CD40, CD80, or CD86 to be expressed with higher fre 
quency, and they acquire high capability of Stimulating T 
cells. At the same time, they are transferred to peripheral 
lymphatic tissues, and they activate T cells Specific to the 
antigens incorporated, thereby inducing immune responses 
(Banchereau, J. et al., Annu. Rev. Immunol. 2000, 18: 
767-811). A technique of inducing DCs in vitro is being 
established, and cancer-specific antigens have been Succes 
Sively identified. Based on these achievements, research 
aimed at the application of the potent capability of DCS in 
terms of inducing immunity to the treatment of cancer is 
expanding. Such novel cellular medicine has drawn atten 
tion as future medicine, and development thereof is 
expected. 
0003. In a healthy organism, mechanisms of immune 
response function against foreign (“nonself) antigens or 
tumors to eliminate them. However, immune tolerance to 
normal Self-antigens constituting an organism or harmless 
foreign antigens can be established, and eliminative mecha 
nisms of immune responses may not function against them. 
Regulatory mechanisms against autoimmune, allergic, or 
other diseases, which are disturbed for any reason, are 
considered to cause Such diseases. DCs play major roles not 
only as antigen presenting cells in the establishment of 
immune responses against infections or cancer, but they also 
play important roles in induction of immune tolerance 
(Steinman, R. M., Proc. Natl. Acad. Sci. USA 2002, 99: 
351–358). Immune tolerance is roughly classified into two 
types: elimination of Self-reactive T cell clones in thymic 
glands, which is referred to as central tolerance; and regu 
lation of Self-reactive T cells outside the thymic glands, 
which is a mechanism referred to as peripheral tolerance. In 
particular, the latter is known to induce cell death or anergy 
to Self-antigens and to have active Suppressing mechanisms 
mediated by immunoregulatory T cells (Roncarolo, M. G. 
and Levings M. K., 2000, Curr. Opinion Immunol. 12: 
676-683) DCs have been found to be capable of inducing 
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cell death and anergy to T cells and to be capable of inducing 
immunoregulatory T cells. Clarification of the way that DCs 
acquire Such functional multidimensionality for immune 
response regulation is making progreSS in terms of, for 
example, differences in the maturation phase of DCs, exist 
ence of a subset of DCs with different functions, and types 
of Stimuli Such as cytokines or pathogens. Based on these 
findings, application of the capability of DCS to induce 
immune tolerance to the treatment of autoimmune disease or 
Suppression of graft rejection has been examined (Jonulcit, 
H. et al., Trends in Immunol. 2001, 22: 394-400, Hackstein, 
H. et al., Trends in Immunol. 2001, 22: 437-442). 
0004 Immature DCs induced from human monocytes 
with the aid of GM-CSF and IL-4 were further cultured in 
GM-CSF and IL-b10 for 2 days. In the thus prepared DCs, 
expression levels of costimulating molecules CD58, CD86, 
and CD83 are lower, and growth of CD4 T cells caused by 
an allogeneic mixed leukocyte reaction (allo-MLR) is Sup 
pressed (Steinbrink, K. et al., J. Immunol. 1997, 159: 
4772-4780). Immature DCs induced from human monocytes 
with the aid of GM-CSF and IL-4 were further cultured in 
GM-CSF and IL-10 for 2 days, and the thus prepared DCs 
induce CD4 and CD8" T cells that are anergic against 
antigenic Stimuli and have immune-Suppressing activity 
(Steinbrink, K. et al., Blood 2002, 99: 2468-2476). When 
naive CD4 T cells are stimulated repeatedly with immature 
human DCs, CD4 CD25 immunoregulatory T cells highly 
capable of producing IL-10 are induced. These T cells 
Suppress antigen-specific growth of activated Th1 cells (type 
1 helper T cells) and production of cytokines in vitro 
(Jonuleit, H. et al., J. Exp. Med. 2000, 192: 1213-1222). 
Administration of immature human DCS comprising a pep 
tide derived from the influenza virus matrix protein to a 
healthy individual resulted in Suppression of the aforemen 
tioned antigen-specific CD8" T cells and in induction of the 
aforementioned antigen-Specific CD8" IL-10-producing 
immunoregulatory T cells. This Suppressing effect, however, 
disappeared 6 months after administration of DCs (Dhodap 
kar, M. V. et al., J. Exp. Med. 2001, 193: 233-238; Dhodap 
kar, M. V. et al., Blood 2002, 100: 174-177). Thus, it is 
Suggested that immature DCS induced from human mono 
cytes with the aid of GM-CSF and IL-4 or DCs maintain 
their immature states by being treated with IL-10 induce 
antigen-specific immune Suppression. Under inflammatory 
conditions Such as those of autoimmune diseases, however, 
immature DCS are induced to mature, and whether or not 
DCs are capable of maintaining immunoregulatory func 
tions is an issue in question. 
0005) Murine bone marrow-derived DCs induced with 
the aid of GM-CSF and TGF-B1 have features of immature 
DCs and have attenuated activity for accelerating growth of 
allogeneic and naive CD4 T cells (Yamaguchi, Y. et al., 
Stem Cells. 1997, 15(2): 144-53). The aforementioned DCs 
were administered to a mouse allogeneic heart transplant 
model to prolong graft Survival (Lu, L. et. al., Transplanta 
tion 1997, 64: 1808-1815). Similarly, GM-CSF-induced 
murine bone marrow-derived immature DCs and GM-CSF 
induced murine liver-derived immature DCs exhibited 
effects of prolonging graft Survival in an allogeneic trans 
plant model (Lutz, M. et al., Eur. J. Immunol. 2000, 30: 
1813-1822; Fu, F. et al., Transplantation 1996, 62: 659-665; 
Rastellini, C. et al. Transplantation 1995, 60: 1366-1370). In 
contrast, murine spleen-derived CD8 DCs exhibited effects 
of prolonging graft Survival in an allogeneic transplant 
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model regardless of its maturation phase (O'Connell, P. J. et 
al. J. Immunol. 2002, 168: 143-154). The effects of Sup 
pressing autoimmune diabetes in a NOD mouse were 
observed only when mature DCs were administered instead 
of immature DCs (Feili-Hariri, M. et al., Eur. J. Immunol. 
2002, 32: 2021-2030). In the case of EAE multiple sclerosis 
models, effects of Suppressing the target disease by Semi 
mature DCs treated with TNF-C. for a short period of time 
have been reported (Menges, M. et al., J. Exp. Med. 2002, 
195: 15-21). Thus, it is difficult to judge the immune 
Suppressing properties of DCS depending on their matura 
tion phases in research utilizing murine DCS. Concerning 
murine DCS, effects of Suppressing a target disease in a 
transplant model to which a gene of a molecule associated 
with Suppression and regulation of immune responses, Such 
as FasL, CTLA-4-Ig, IL-10, TGF-B, and IL-4, have been 
introduced and in an autoimmune disease model have been 
reported (Hackstein, H. et al., Trends in Immunol. 2001, 22: 
437-442). DCs induced from murine bone marrow cells with 
the aid of GM-CSF and IL-4 were used, IL-10-transduced 
DCs and TGF-3-transduced DCs were mixed with each 
other, and the resultant was administered in the portal vein. 
The effects thereof for prolonging graft Survival were 
observed in an allogeneic kidney transplant model (Gorc 
Zynski, R. M. et al., Clin. Immunol. 2000, 95: 182-189). 
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DISCLOSURE OF THE INVENTION 

0023. Objects of the present invention are to provide 
human immunoregulatory dendritic cells having immuno 
regulatory properties even under inflammatory disease con 
ditions, a method of inducing the immunoregulatory den 
dritic cells, and a pharmaceutical composition comprising 
the immunoregulatory dendritic cells. More particularly, 
objects of the present invention are to provide a method of 
culturing human dendritic cells or their precursor cells in the 
presence of cytokines comprising at least IL-10 and TGF-B, 
thereby inducing human immunoregulatory dendritic cells, 
human immunoregulatory dendritic cells induced by the 
aforementioned method, and the use of the aforementioned 
immunoregulatory dendritic cells for treating graft rejection, 
graft-Versus-host disease, autoimmune disease, and allergic 
disease. 

0024. As mentioned above, attempts have been hereto 
fore made to obtain dendritic cells (DCs) having immune 
Suppressing activity. These dendritic cells, however, merely 
maintained their immature States, and maturation thereof 
was disadvantageously induced under inflammatory condi 
tions. Thus, whether or not they could maintain immune 
Suppressing activity was an issue of concern. The present 
inventor has conducted concentrated Studies in order to 
induce dendritic cells that can Sufficiently function even 
under inflammatory disease conditions. As a result, he has 
found that immunoregulatory DCs induced with the aid of 
IL-10 in combination with TGF-?3 have effects of inducing 
immune responses and potently Suppressing the target dis 
ease in a disease model. Further, the present inventor has 
examined the usefulness of the aforementioned immuno 
regulatory DCS in terms of treatment of graft rejection or 
diseases associated with immunity, and as a result, he has 
found that the DCS have effects of Suppressing graft rejec 
tion and treating immune-associated diseases. This has led to 
the completion of the present invention. 

0025 More specifically, the present invention is as fol 
lows: 

0026. 1 a method of preparing human immuno 
regulatory dendritic cells by culturing human den 
dritic cells or their precursor cells in vitro with IL-10 
and TGF-B; 

0027 2 the method of preparing human immuno 
regulatory dendritic cells according to 1), wherein 
the human dendritic cells are derived from human 
monocytes, 

0028 3 a method of preparing human immuno 
regulatory dendritic cells comprising culturing 
human monocytes in the presence of GM-CSF, IL-4, 
IL-10, and TGF-B; 

0029 4 the method of preparing human immuno 
regulatory dendritic cells according to 3), wherein 
culture is further conducted in the presence of at least 
one of TNF-B and LPS; 

0030) 5 the method of preparing human immuno 
regulatory dendritic cells according to any of 1 to 
4), wherein culture is further conducted in the 
presence of an antigen existing in a tissue or organ 
asSociated with a disease to be treated; 
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0031 6 the method of preparing human immuno 
regulatory dendritic cells according to 5), wherein 
the disease is an autoimmune or allergic disease; 

0032 7. The method of preparing human immuno 
regulatory dendritic cells according to 5), wherein 
the disease is rheumatoid arthritis or multiple Scle 
rosis. 

0033 8 human immunoregulatory dendritic cells 
prepared by the method according to any of 1 to 
7); 

0034) 9 the human immunoregulatory dendritic 
cells according to 8), wherein expression levels of 
CD83, CD40, CD80, and CD86 are significantly 
lower than those in mature human dendritic cells that 
were not cultured in the presence of both IL-10 and 
TGF-B; 

0035 10 the human immunoregulatory dendritic 
cells according to 8 or 9), which are capable of 
inducing antigen-specific anergy to allogeneic CD4" 
T cells in vitro, Suppressing reactivation of activated 
allogeneic CD4 T cells and CD8" T cells, inducing 
allogeneic and naive CD4 T cells and CD8" T cells 
to become CD4 CD25 immunoregulatory T cells 
and CD8" CD28 immunoregulatory T cells, respec 
tively, and inducing immune-Suppressing responses 
Such as the Suppression of graft-Versus-host disease 
after Xenogeneic transplantation in a human T cell 
transplanted imnmunodeficient mouse through 
administration of the aforementioned cells to which 
Xenoantigens have been imparted; 

0036) 11 a pharmaceutical composition compris 
ing the human immunoregulatory dendritic cells 
according to any of 8 to 10; 

0037 12 the pharmaceutical composition accord 
ing to 11), which Suppresses graft rejection caused 
along with cell, organ, or tissue transplantation; 

0038 13 the pharmaceutical composition accord 
ing to 11, which can be used for treating graft 
versus-host disease; 14 the pharmaceutical compo 
Sition according to 11), which can be used for 
treating an autoimmune or allergic disease; and 

0039) 15 The pharmaceutical composition accord 
ing to 11), which can be used for treating rheuma 
toid arthritis or multiple Sclerosis. 

0040. The present invention is hereafter described in 
detail. 

0041 1. Preparation of Human Immunoregulatory DCs 
0042. The present invention relates to a method of pre 
paring human immunoregulatory DCS by culturing human 
dendritic cells (DCs) or their precursor cells in the presence 
of cytokines comprising at least IL-10 and TGF-B and to 
human immunoregulatory DCs obtained by the aforemen 
tioned method. For example, GM-CSF, IL-4, IL-10, or 
TGF-B1 is added to human monocytes to induce DCs, and 
inflammatory stimuli (such as TNF-C. or LPS) arc further 
added to the thus prepared DCS to induce another type of 
DCs. The thus obtained DCs have human immunoregulatory 
properties. Human monocytes arc cultured in vitro in the 
presence of GM-CSF and IL-4, human monocytes are then 
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differentiated to result in DCs, and DCs become immature 
immunoregulatory DCs with the aid of IL-10 and TGF-B. In 
Such a case, human monocytes may be first Stimulated with 
GM-CSF and IL-4 for differentiation to DCs, followed by 
stimulation with IL-10 and TGF-B. Alternatively, human 
monocytes may be simultaneously stimulated with GM 
CSF, IL-4, IL-10, and TGF-B1. Further, immature human 
immunoregulatory DCS become mature human immuno 
regulatory cells through application of inflammatory Stimuli 
Such as TNF-C. or LPS. Furthermore, when human dendritic 
cells (DCs) or their precursor cells are cultured in the 
presence of cytokines comprising at least IL-10 and TGF-B 
to prepare human immunoregulatory DCS, CD40 agonist 
may be added to the culture. CD40 agonist means a Sub 
stance which acts on CD40 antigen expressed on the Surface 
of an immune cell and transmits a signal into the cell via 
CD40. CD40 agonist includes natural or synthetic ligand, 
i.e. any molecule which transmits a signal via CD40, and an 
antibody against CD40 antigen. The antibody may recognize 
any site of CD40 as long as it induces a signal via CD40. It 
has been reported that anti CD40 antibody matures DCs (Z. 
H. Zhou et al., Hybridoma, 18:471 1999). The antibody used 
for the present inventions is not limited to but preferably is 
the antibody disclosed in WO 2002/099196. An antibody 
fragment which maintains an antigen-recognizing Site of the 
antibody is also useful as CD40 agonist. 

0043 Human DCs can be obtained by culturing human 
monocytes in the presence of GM-CSF and IL-4 as 
described above. In this case, monocytes may be derived 
from human peripheral blood, human bone marrow, human 
Spleen cells, or human umbilical cord blood. Further, den 
dritic cells can be isolated from these tissueS or organs using 
a fluorescent activated cell sorter (FACS) or a flowcytometer 
while employing expression of DC-Specific Surface antigen, 
Such as CD1a, as an indicator. A Specific cell group can be 
isolated using FACS in accordance with a known technique. 
Examples of FACS and a flowcytometer that can be used are 
the FACSVantage (Becton Dickinson) and FACSCalibur 
(Becton Dickinson). 
0044) Human monocytes and DCs can be cultured in 
accordance with a known culture technique for human 
lymphoid cells. For example, RPMI 1640 or DMEM can be 
used as a culture medium, and adequate antibiotics or animal 
Serum may be added to Such basal medium to conduct 
culture. Also, a culture vessel is not particularly limited, and 
a commercialized plate, dish, or flask can be adequately 
Selected in accordance with a Scale of culture. 

0045 Concentration of GM-CSF, IL-4, IL-10, TGF-B1, 
TNF-C, or LPS for culture is 1 ng/ml to 1,000 ng/ml, and 
preferably 10 ng/ml to 100 ng/ml. In case where CD40 
agonist, for example anti-CD40 antibody, is added, concen 
tration of anti CD40 antibody is 0.1 ug/mL to 100 ug/mL, 
and preferably 1 lug/mL to 10 ug/mL. The number of days 
necessary for Stimulation is not limited. For example, human 
monocytes may be cultured together with GM-CSF, IL-4, 
IL-10, TGF-B1, TNF-ct, or LPS for periods of several days 
to about 10 days. Inspection of expression of human mono 
cytes or human DC surface antigen by FACS or other means 
enables determination of a Suitable culture period for obtain 
ing cells with a differentiation level of interest. Conditions 
such as concentration of GM-CSF, IL-4, IL-10, TGF-31, 
TNF-C, or LPS for stimulation or a period of stimulation can 
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be determined while employing induction of antigen-spe 
cific anergy to allogeneic CD4 T cells or DC phenotypes as 
indicators. 

0.046 Human immunoregulatory DCs are capable of 
inducing antigen-specific anergy to allogeneic CD4 T cells 
in vitro, Suppressing reactivation of activated allogeneic 
CD4 T cells and CD8" T cells, inducing allogeneic and 
naive CD4 T cells and CD8 T cells to become CD4 
CD25" immunoregulatory T cells and CD4" CD28 immu 
noregulatory T cells, respectively, and inducing immune 
Suppressing responses Such as the Suppression of graft 
Versus-host disease after Xenogeneic transplantation in a 
human T cell-transplanted immunodeficient mouse through 
administration of the aforementioned cells to which Xenoan 
tigens have been imparted. Whether or not cells have such 
features can be determined by the method described in the 
Examples below. 
0047 These human immunoregulatory DCs exhibit simi 
lar functions even when they were treated with inflammatory 
cytokines such as TNF-C. in addition to immature cells. This 
indicates that these DCs can function Sufficiently even under 
inflammatory disease conditions. Specifically, the immuno 
regulatory DCs of the present invention include both mature 
and immature DCs. Whether a DC is mature or immature 
can be determined by, for example, inspecting the expres 
sion of CD83 on the surface thereof. CD83 is expressed on 
the Surface of a mature DC. 

0.048 2. Use of Human Immunoregulatory DCs 
0049. As mentioned above, the human immunoregula 
tory DCs of the present invention are capable of inducing 
antigen-specific anergy to allogeneic CD4+ T cells in vitro, 
Suppressing reactivation of activated allogeneic CD4 T 
cells and CD8" T cells, inducing allogeneic and naive CD4" 
T cells and CD8" T cells to become CD4" C25 immuno 
regulatory T cells and CD8" CD28 immunoregulatory T 
cells, respectively, and inducing immune-Suppressing 
responses Such as the Suppression of graft-Versus-host dis 
ease after Xenogeneic transplantation in a human T cell 
transplanted immunodeficient mouse through administration 
of the aforementioned cells to which Xenoantigens have 
been imparted. 
0050. As with the case of human immunoregulatory 
dendritic cells, murine immunoregulatory DCs induced with 
the aid of IL-10 in combination with TGF-B1 exhibited 
effects of Suppressing graft-verSus-host disease after alloge 
neic transplantation while maintaining the graft-Versus-leu 
kemia effects and effects of Suppressing the developed 
disease in a murine autoimmune arthritis model, in addition 
to the effects of Suppressing graft-Versus-host disease after 
allogeneic transplantation and graft-Versus-host disease after 
Xenogeneic transplantation. Functions of these murine 
immunoregulatory DCS are equivalent to those of the afore 
mentioned human immunoregulatory DCS in the following 
respects, and human dendritic cells were Suggested to be 
effective for treatment of diseaseS presented in the case of 
murine immunoregulatory DCS: 1) the phenotype of a cell 
surface molecule: a costimulating molecule (CD40, CD80, 
or CD86) being expressed at low frequency and an MHC 
molecule being expressed; 2) induction of antigen-specific 
anergy to allogeneic CD4 T cells; 3) Suppression of reac 
tivation of activated allogeneic CD4 T cells; 4) suppression 
of graft-Versus-host disease after Xenogeneic transplantation 
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in a human T cell-transplanted immunodeficient mouse; 5) 
induction of CD4" CD25" CD152* T cells in vitro; and 6) 
the fact that human immunoregulatory DCS induce cells 
similar to CD4" CD25 immunoregulatory T cells involved 
in the Suppression of graft-Versus-host disease after alloge 
neic transplantation caused by murine immunoregulatory 
DCs in vitro. 

0051. As a conventional technique, immunoregulatory 
DCs induced with the aid of IL-10 or TGF-B alone had been 
discovered. The human immunoregulatory DCs of the 
present invention induced with the aid of IL-10 in combi 
nation with TGF-B more significantly induced antigen 
Specific anergy to allogeneic CD4 T cells compared with 
DCs induced with the aid of a cytokine alone. This indicates 
that the human immunoregulatory DCs of the present inven 
tion have more significant therapeutic effects compared with 
those attained by DCs induced with the aid of a cytokine 
alone. 

0052 AS is apparent from the foregoing description, 
human immunoregulatory DCS can Suppressively regulate 
immune responses of CD4 or CD8" T cells. Accordingly, 
the human immunoregulatory DCs of the present invention 
can be used for novel treatment of a variety of diseases 
caused by immune reactions associated with CD4 or CD8" 
T cells. 

0053 Disease to be treated in the present invention 
includes an organ Specific autoimmune disease associated 
with delayed type hypersensitivity (DTH). The delayed type 
hypersensitivity (DTH) is a typical Th1 response and con 
sidered to be a basic reaction for chronic inflammation in the 
organ specific autoimmune disease. The organ specific 
autoimmune diseases associated with Th1 immune response 
mainly include multiple Sclerosis, rheumatism, type I dia 
betes, uveitis, autoimmune myocarditis and Crohn's disease, 
and include contact hyperSensitivity as allergic diseases. 
0054 Furthermore, diseases to be treated in the present 
invention are: in addition to graft rejection caused along 
with cell, organ, or tissue transplantation and graft-Versus 
host disease, autoimmune diseaseS Such as rheumatoid 
arthritis, multiple Sclerosis, type I diabetes, uveitis, autoim 
mune myocarditis, myasthenia gravis, Systemic erythcma 
todes, autoimmune hemolytic anemia, Systemic Sclero 
derma, ulcerous colitis, Crohn's disease, Sjogren's 
Syndrome, autoimmune hepatopathy (e.g., primary biliary 
cirrhosis), psoriasis, idiopathic thrombocytopenic purpura, 
Goodpasture Syndrome (e.g., glomerular nephritis), perni 
cious anemia, Hashimoto's disease, Vitiligo Vulgaris, Beh 
cet's disease, autoimmune gastritis, pemphigus, Guillain 
Barre syndrome, and HTLV-1-associated myelopathy; and 
allergic diseaseS Such as contact hyperSensitivity, allergic 
rhinitis, food allergies, and asthma. 
0055. The present invention includes a pharmaceutical 
composition for treating the aforementioned diseases com 
prising the human immunoregulatory DCS induced by the 
method of the present invention. When the human immu 
noregulatory DCs of the present invention are used for 
treating diseases, they are Stimulated with an antigen asso 
ciated with the disease to be treated. In the case of autoim 
mune disease or allergic diseases, antigen proteins or pep 
tides existing in tissueS or organs associated with the 
disease, RNA or DNA encoding them, or modified forms 
thereof are used as antigens. In the case of graft rejection or 
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graft-Versus-host disease, application of an antigen is not 
necessary Since DCS have internally expressed allogeneic 
antigen. Alternatively, a donor- or recipient-derived antigen 
may be used. AS Stimulation in Such a case, the human 
immunoregulatory DCs of the present invention may be 
cultured in vitro together with an antigen. 
0056 Human DCs for a pharmaceutical composition for 
treatment are human monocyte-derived DCs (Bwatricc 
Thurner, Gerold Schuler et al., J. Exp. Med. 1999, 190 (11): 
1669-1678; Axel Heiser, Eli Gilboa el al, J. Clin. Invest. 
2002, 109 (3): 409-417), human peripheral blood-derived 
DCs (Small E.J., L Clin Oncol. 2000, 18 (23): 3894-3903), 
or human CD34" cell-derived DCs (Caux C, Jacques 
Banchereau et al Blood 1997, 90 (4): 1458-1470), with 
human monocyte-derived DCs being preferable. 

0057 When treating autoimmune or allergic diseases, 
antigens are imparted to DCs in vitro for 1 to 10 days 
including the final day of culture at concentrations of 1 to 
10mg/ml, and preferably 10 ng/ml to 5 mg/ml in the case of 
protein antigens. When human immunoregulatory DCS that 
were further stimulated with inflammatory stimuli such as 
TNF-C. or LPS are used, antigens are preferably imparted 
Simultaneously with or prior to the application of Stimuli. 
0.058 When a pharmaceutical composition comprising 
the human immunoregulatory DCs of the present invention 
is used for treatment, this composition is intravenously, 
Subcutaneously, or intracutancously (preferably intrave 
nously) administered in amounts of 0.5x10 to 10” in terms 
of each DC fraction. 

0059. The pharmaceutical composition can be adminis 
tered to a patient on an as-needed basis (preferably during 
the Symptom-free period). In the case of graft rejection and 
graft-Versus-host disease caused along with organ or tissue 
transplantation, the compound is preferably administered to 
a patient before the treatment that is Supposed to result in the 
development of disease. 

0060. The timing of administration and the dose of 
human immunoregulatory DCs can be adequately deter 
mined in accordance with, for example, the type of disease, 
the Severity of disease, and the conditions of a patient. 
0061 The present invention includes a method of treating 
an organ Specific autoimmune disease associated with 
delayed type hyperSensitivity (DTH) comprising adminis 
tration of the human immunoregulatory DCs of the present 
invention. The delayed type hypersensitivity (DTH) is a 
typical Th1 response and considered to be a basic reaction 
for chronic inflammation in the organ Specific autoimmune 
disease. The organ Specific autoimmune diseases associated 
with Th1 immune response mainly include multiple Sclero 
sis, rheumatism, type I diabetes, uveitis, autoimmune myo 
carditis and Crohn's disease, and include contact hypersen 
Sitivity as allergic diseases. Further, the present invention 
includes a method of treating diseases comprising adminis 
tration of the human immunoregulatory DCs of the present 
invention. Diseases to be treated by the present invention 
are: in addition to graft rejection and graft-Versus-host 
disease caused along with cell, organ, or tissue transplanta 
tion, autoimmune diseaseS Such as rheumatoid arthritis, 
multiple Sclerosis, type I diabetes, uveitis, autoimmune 
myocarditis, myasthenia gravies, Systemic crythematodes, 
autoimmune hemolytic anemia, Systemic Scleroderma, 
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ulcerous colitis, Crohn's disease, Sjogren's Syndrome, 
autoimmune hepatopathy (e.g., primary biliary cirrhosis), 
pSoriasis, idiopathic thrombocytopenic purpura, Goodpas 
ture Syndrome (e.g., glomerular nephritis), pernicious ane 
mia, Hashimoto's disease, Vitiligo Vulgaris, Behcet's dis 
ease, autoimmune gastritis, pemphigus, Guillain-Barre 
Syndrome, and HTLV-1-associated myelopathy; and allergic 
diseases Such as contact hyperSensitivity, allergic rhinitis, 
food allergies, and asthma. In this case, human immuno 
regulatory DCs to be administered to a patient may be 
prepared by Stimulating monocytes or DCs of the patient in 
Vitro or Stimulating monocytes or DCs of an unrelated 
individual other than the patient in vitro. The present inven 
tion also includes the use of the human immunoregulatory 
DCs of the present invention for preparing therapeutic 
agents for the aforementioned diseases. 
0062) This description includes part or all of the contents 
as disclosed in the description and/or drawings of Japanese 
Patent Application No. 2003-073799, which is a priority 
document of the present application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0063 FIG. 1A shows phenotypes of modified human 
DCS. 

0064 FIG. 1B shows phenotypes of modified human 
DCS. 

0065 FIG. 1C shows phenotypes of modified human 
DCS. 

0.066 FIG. 1D shows phenotypes of modified human 
DCS. 

0067 FIG. 2A shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0068 FIG. 2B shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0069 FIG. 2C shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0070 FIG. 2D shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0071 FIG. 2E shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0072 FIG. 2F shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
0073 FIG. 2G shows that, among modified human DCs, 
IL-10/TGF-B1-induced DCs function as immunoregulatory 
DCs to induce antigen-Specific anergy to human T cells and 
SuppreSS reactivation of activated T cells. 
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0.074 FIG. 3A shows that human immunoregulatory 
DCs induce CD4 CD25" human immunoregulatory T cells. 
0075 FIG.3B shows that human immunoregulatory DCs 
induce CD4" CD25" human immunoregulatory T cells. 
0.076 FIG. 3C shows that human immunoregulatory 
DCs induce CD4 CD25" human immunoregulatory T cells. 
0.077 FIG. 4A shows that human immunoregulatory 
DCs induce CD8" CD28 human immunoregulatory T cells. 
0078 FIG. 4B shows that human immunoregulatory DCs 
induce CD8" CD28 human immunoregulatory T cells. 
007.9 FIG. 5A shows that human immunoregulatory 
DCS Suppress graft-Versus-host disease after Xenogeneic 
transplantation caused by human T cells. 
0080 FIG. 5B shows that human immunoregulatory DCs 
SuppreSS graft-verSus-host disease after Xenogeneic trans 
plantation caused by human T cells. 
0.081 FIG. 6A shows that murine immunoregulatory 
DCS Suppress human Xenogeneic T cell responses. 

0082 FIG. 6B shows that murine immunoregulatory 
DCS Suppress human Xenogeneic T cell responses. 

0.083 FIG. 6C shows that murine immunoregulatory 
DCS Suppress human Xenogeneic T cell responses. 

0084 FIG. 6D shows that murine immunoregulatory 
DCS Suppress human Xenogeneic T cell responses. 
0085 FIG. 6E shows that murine immunoregulatory 
DCS Suppress human Xenogeneic T cell responses. 

0.086 FIG. 7A shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0087 FIG. 7B shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells 
0088 FIG. 7C shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0089 FIG. 7D shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0090 FIG. 7E shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0091 FIG. 7F shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0092 FIG. 7G shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
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0093 FIG. 7H shows phenotypes of murine immuno 
regulatory DCS and also shows that murine immunoregula 
tory DCS induce antigen-specific anergy to murine T cells 
and SuppreSS reactivation of activated T cells. 
0094 FIG. 8A shows therapeutic effects of murine 
immunoregulatory DCs on murine acute graft-Versus-host 
disease after allogeneic transplantation. 

0.095 FIG. 8B shows therapeutic effects of murine 
immunoregulatory DCs on murine acute graft-Versus-host 
disease after allogeneic transplantation. 

0096 FIG. 8C shows therapeutic effects of murine 
immunoregulatory DCs on murine acute graft-Versus-host 
disease after allogeneic transplantation. 

0097 FIG. 5D shows therapeutic effects of murine 
immunoregulatory DCs on murine acute graft-Versus-host 
disease after allogeneic transplantation. 

0.098 FIG. 9A shows the effects of murine immu 
noregtulatory DCs on immune responses of allogeneic mar 
row graft recipients and the half-lives after administration of 
DCs in living mice. 
0099 FIG.9B shows the effects of murine irnmunoregu 
latory DCs on immune responses of allogeneic marrow graft 
recipients and the half-lives after administration of DCs in 
living mice. 

0100 FIG.9C shows the effects of murine immunoregu 
latory DCs on immune responses of allogeneic marrow graft 
recipients and the half-lives after administration of DCs in 
living mice. 

0101 FIG. 9D shows the effects of murine immunoregu 
latory DCs on immune responses of allogeneic marrow graft 
recipients and the half-lives after administration of DCs in 
living mice. 

0102 FIG.9E shows the effects of murine immunoregu 
latory DCs on immune responses of allogeneic marrow graft 
recipients and the half-lives after administration of DCs in 
living mice. 

0.103 FIG. 10A shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0104 FIG. 10B shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0105 FIG. 10C shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0106 FIG. 10D shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0107 FIG. 10E shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 
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0108 FIG. 10F shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0109 FIG. 10G shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0110 FIG. 10H shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0111 FIG. 10 shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0112 FIG. 10J shows the association of murine immu 
noregulatory T cells with therapeutic effects of murine 
immunoregulatory DCS for murine acute graft-verSus-host 
disease after allogeneic transplantation. 

0113 FIG. 11 shows phenotypes of cells induced in vitro 
by stimulating CD4 CD25 T cells with murine immuno 
regulatory DCs. 

0114 FIG. 12A shows that murine immunoregulatory 
DCS SuppreSS murine acute graft-Versus-host disease after 
allogeneic transplantation while maintaining their graft 
verSus-leukemia effects. 

0115 FIG. 12B shows that murine immunoregulatory 
DCS SuppreSS murine acute graft-Versus-host disease after 
allogeneic transplantation while maintaining their graft 
verSus-leukemia effects. 

0116 FIG. 12C shows that murine immunoregulatory 
DCS SuppreSS murine acute graft-Versus-host disease after 
allogeneic transplantation while maintaining their graft 
verSus-leukemia effects. 

0117 FIG. 13A shows that murine immunoregulatory 
DCS Suppress murine type II collagen-induced arthritis. 

0118 FIG. 13B shows that murine immunoregulatory 
DCS Suppress murine type II collagen-induced arthritis. 

0119 FIG. 14 shows the effects of the administration of 
immunoregulatory DCs on EAE. 

0120 FIG. 15 shows DTH responses. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0121 Examples that describe specific embodiments and 
effects of the present invention are provided below, although 
the technical Scope of the present invention is not limited to 
these examples. 

A: EXAMPLES EMPLOYING HUMAN 
IMMUNOREGULATORY DCS 

0122) Three types of modified human DCs, i.e., IL-10 
induced DCs, TGF-B1-induced DCs, and IL-10/TGF-B1 
induced DCs, were prepared. Based on the results attained in 
Example 2, IL-10/TGF-u1-induced DCs exhibiting the most 
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potent capacity of regulating T-cell functions were deter 
mined to be human immunoregulatory DCs. 

Example 1 

Phenotypes of modified human DCs 
0123 Human DCs were prepared in the following man 
ner. Human peripheral blood-derived mononuclear cells 
were allowed to adhere to a dish for cell culture (Becton 
Dickinson) for 2 hours, and monocytes were obtained as 
adherent cells (>90% CD14" cells). These monocytes were 
cultured in the presence of human GM-CSF (50 ng/ml, 
PeproTech) and human IL-4 (50 ng/ml, PeproTech) for 7 
days, nonadherent cells were recovered, and negative Selec 
tion was carried out using an anti-CD2 monoclonal antibody 
(Dynal) and an anti-CD19 monoclonal antibody (Dynal) to 
which magnetic beads had been coupled to remove contami 
nating T cells, NK cells, and B cells. Cells remaining after 
the removal were determined to be immature normal DCs. 
Similarly, modified human DCs were prepared by culturing 
monocytes with human IL-10 (50 ng/ml, PeproTech) alone 
(IL-10-induced DC), human TGF-B1 (50 ng/ml, PeproTech) 
alone (TGF-B1-induced DC), or human IL-10 (50 ng/ml, 
PeproTech) in combination with human TGF-B1 (IL-10/ 
TGF-B1-induced DC) in the presence of human GM-CSF 
(50 ng/ml) and human IL-4 (50 ng/ml) for 7 days, and then 
removing contaminating T cells, NK cells, and B cells as 
with the case of the aforementioned immature DCs. Human 
IL-10-treated immature DCs were obtained by allowing 
human IL-10 (50 ng/ml, PeproTech) to act on immature DCs 
similar to the aforementioned DCs for 3 days. Mature DCs 
were prepared in the following manner. In order to keep the 
cells from becoming contaminated with cytokines, the afore 
mentioned cells were washed three times with PBS, cultured 
in the presence of human TNF-C. (50 ng/ml, PeproTech) for 
an additional 3 days, and the resultants were determined to 
be mature DCs. The obtained DCs were analyzed using the 
FACScan flow cytometer (Becton Dickinson), 95% or more 
thereof were found to be HLA-DR-expressing, cells, and 
contamination with T cells, B cells, NK cells, or monocytes/ 
macrophages was not more than 0.1%. Phenotypes of the 
thus prepared immature/mature human DCS, immature/ma 
ture human IL-10-induced DCs, immature/mature human 
TGF-B1-induced DCs, and immature/mature human IL-10/ 
TGF-B1-induced DCs were analyzed by a flow cytometer. 
The results yielded representative data for 10 Separate 
experiments. FIG. 1A shows the results of Staining using an 
anti-CD 1a antibody, an anti-CD14 antibody, an anti-CD11c 
antibody, an anti-CD83 antibody, an anti-E-cad antibody, 
and isotype controls thereof (BD PharMingen). FIG. 1B 
shows the results of Staining using an anti-CD40 antibody, 
an anti-CD80 antibody, an anti-CD86 antibody, an anti 
HLA/A/B/C antibody, an anti-HLA-DR antibody, and iso 
type controls thereof (BD PharMingen). Numerical values 
presented in the upper right of the drawing independently 
represent mean fluorescence intensity when Stained with an 
antibody. These values indicate that DC markers for all cells, 
i.e., CD1a and CD11c, were expressed in the case of 
immature DCS, although the Langerhans cell marker, 
E.-cadherin (E-cad), was not expressed in the IL-10-induced 
cells as with the case of normal DCs. In the case of 
IL-10-induced DCs, expression of CD14, which is not 
observed in other DCs, was observed. Concerning HLA-A/ 
B/C and HLA-DR, a moderate level of expression was 
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observed in IL-10-induced DCs, TGF-B1-induced DCs, and 
IL-10/TGF-B1-induced DCs, although this expression level 
was somewhat lower than that in immature normal DCs. 
Expression levels of CD40, CD80, and CD86 were very low. 
Concerning DCs that were allowed to mature with the aid of 
TNF-C, i.e., IL-10/TGF-B1-induced DCs, the expression 
level of the DC activation marker CD83 was elevated. 
However, expression levels of the DC markers CD1a and 
CD11c and the Langerhans cell marker E-cad were lowered. 
Expression levels of CD83, CD40, CD80, and CD86 were 
lower in IL-10-induced DCs, TGF-B1-induced DCs, and 
IL-10/TGF-B1-induced DCs compared with those in mature 
normal DCs. Expression levels thereof were significantly 
low particularly in IL-10/TGF-B1-induced DCs. Concerning 
expressions of HLA and co-stimulatory factors, the ratioS of 
cells to be expressed obtained in 10 Separate experiments are 
presented in terms of meant-SD in FIG. 1C and in terms of 
MFISD in FIG. 1D. 

Example 2 

Among Modified Human DCs. 
IL-10/TGF-B1-Induced DCs Function as 

Immunoregulatory DCs to Induce Anitgen-Specific 
Anergy to T Cells and Suppress Reactivation of 

Actived T Cells 

0.124. Whether or not modified DCs would induce anergy 
to allogeneic CD4 T cells was examined. T cells were 
isolated from human peripheral blood using a negative 
selection kit (Dynal), and naive CD4 T cells (10 cells), 
which had been isolated as CD8 CD45RO cells using an 
anti-CD8 antibody and an anti-CD45RO antibody (BD 
PharMingen), were cultured with allogeneic DCs or alloge 
neic modified DCs (10 to 10" cells) for 5 days to conduct 
cell growth assay. In another experiment, naive CD4 T cells 
(5x10 cells) were cultured with X-ray (15 Gy)-irradiated 
allogeneic DCs or allogeneic modified DCs (4x10" to 5x10 
cells) for 3 days, and negative Selection was carried out 
using an anti-CD11c antibody and a magnetic-beads 
coupled goat anti-mouse IgG antibody to recover CD4" 
cells. The recovered CD4" cells (10 cells) were subjected to 
the Second culture together with allogeneic normal mature 
human DCs (10" cells) derived from the same donor ass in 
the case of the first Stimulation or allogeneic normal mature 
human DCs (10" cells) derived from a donor different from 
that of the case of the first Stimulation in the presence or 
absence of IL-2. Cell growth assay was carried out on the 
fifth day. In the cell growth assay, cells were pulsed with 
Hlthymidine for 18 hours, and incorporation of thymi 

dine into cells was employed as an indicator. AS shown in 
FIG. 2A, assay was carried out using IL-10-induced DC, 
TGF-B1-induced DC, IL-10/TGF-B1-induced DC, or IL-10 
treated DC. In the case of immature DCs, the capacity of 
modified DCs to activate allogeneic CD4 T cells at the time 
of primary Stimulation was uniformly low, and that of 
immature IL-10/TGF-B1-induced DCS was the lowest. 
When mature DCs were used, however, the capacity of 
IL-10/TGF-B1-induced DCs to activate allogeneic CD4 T 
cells at the time of primary Stimulation was significantly 
lower than that of other mature DCs. When primarily 
stimulated with each of the DCs and then secondarily 
Stimulated with mature normal DCs, growth was Suppressed 
only in immature IL-10/TGF-B1-induced DCs or mature 
IL-10/TGF-B1-induced DCs. In the case of IL-10-treated 
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immature DCS, potent Suppressing activities were observed 
in both experiments for primary and Secondary Stimulations, 
although this Suppressing activity was not as potent as that 
of IL-10/TGF-B1-induced DCs. In FIG, 2B, suppressing 
activity tended to cease with the addition of IL-2 at the time 
of secondary stimulation after stimulation with IL-10/TGF 
B1-induced DCs. When mature normal DCs derived from an 
unrelated donor were used for Secondary Stimulation, the 
level of Suppression was insignificant. This indicates that 
IL-10/TGF-B1-induced DCs induce anergy to naive CD4 
cells in an antigen-specific manner. Similar results were 
observed when all of the CD4 T cells were used as 
responders, and the level of Suppression was more potent 
than that of the IL-10-treated immature DCs (FIG.2C). The 
Suppression effects attained at the time of Secondary Stimu 
lation with mature normal DCs were exhibited in a manner 
dependent on the dosage of the IL-10/TGF-B1-induced DCs 
added at the time of primary stimulation (FIG. 2D). 
Changes in cell growth after Secondary Stimulation were 
inspected with the elapse of lime, and cell growth SuppreSS 
ing effects were maintained for at least two weeks (FIG. 
2E). Further, the activity of IL-10/TGF-B1-induced DCs 
upon naive CD4 cells that had been activated by mature 
allogeneic DCs was examined. This revealed that IL-10/ 
TGF-B1-induced DCs suppressed the cell growth in a dose 
dependent manner (FIG. 2F). Subsequently, the activity of 
IL-10/TGF-B1-induced DCs upon the cytotoxicity of anti 
gen-specific CD8" T cells was examined (FIG. 2G). T cells 
were isolated from human peripheral blood using a negative 
selection kit (Dynal), and naive CD8" T cells were isolated 
as CD4 and CD45ROT cells using an anti-CD4 antibody 
and an anti-CD45RO antibody (BD PharMingen). Antigen 
specific CD8" T cells were obtained by culturing X-ray (15 
Gy)-irradiated allogeneic fibroblasts (donor #1) and PBMC 
for 2 weeks (100 U/ml of IL-2 added) and subjecting CD8" 
T cells to positive selection. The antigen-specific CD8 cells 
were cultured in the presence or absence of allogeneic DCS 
(donor #1 or #2) for 3 days. Cytotoxicity assay was carried 
out by culturing the CD8" T cells (5x10 cells) with allo 
geneic fibroblasts labeled with NaCrO (100 uCi/10 
cells, NENTM Life Science Product, Boston, Mass.) (donor 
#1 or #2) for 4 hours and assaying the radioactivity of the 
culture Supernatant. As a result, CD8" T cells were found to 
exhibit cytotoxicity in a manner Specific to the allogeneic 
fibroblasts (donor #1) used for Stimulation, i.e., in an anti 
gen-Specific manner, In this case, cytotoxicity was enhanced 
when stimulation took place with mature normal DCs 
instead of immature normal DCs. In contrast, IL-10/TGF 
B1-induced DCS Suppressed cytotoxicity in a dose-depen 
dent manner. When unrelated donor-derived DCs were used, 
cytotoxicity was not Substantially affected. Specifically, 
immunoregulatory activity caused by the IL-10/TGF-B1 
induced DCS was considered to be specific. Accordingly, 
IL-10/TGF-B1-induced DCs were found to be capable of 
regulating activities of all effector T cells. The IL-10/TGF 
B1-induced DCs are hereafter referred to as “immunoregu 
latory DCs.” 

Example 3 

Human Immunoregulatory DCs Inudce CD4" 
CD25 Immunoregulatory T Cells 

0.125 Human naive CD4 T cells (5x10 cells) isolated in 
a manner equivalent to that of Example 2 were cultured 
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together with allogeneic DCS or allogeneic immunoregula 
tory DCs (5x10 cells) for 5 days. The obtained T cells were 
analyzed for cell Surface antigens and intracellular cytokines 
using FACS. Intracellular cytokine production was analyzed 
in the following manner. Cells were stimulated with an 
anti-human CD3 antibody immobilized on a plate (10 ug/ml, 
BD PharMingen) and with a solubilized anti-human CD28 
antibody (10 ug/ml, BD PharMingen) for 6 hours. The 
resulting cells were permeated, immobilized, and then 
stained with anti-human IL-2, IL-4, IL-10, and interferon 
(IFN)-Y (BD PharMingen) for analysis using FACS. The 
results represent one typical data Set attained in 5 Separate 
experiments. When allogeneic normal DCs were used, CD4" 
CD25" cells and CD4" CD154" cells were induced. In 
contrast, CD4" CD25" cells and CD4" CD152" cells were 
induced when allogeneic immunoregulatory DCS were used 
(FIG. 3A). Concerning intracellular cytokine production, 
IFN-y- and IL-2-producing cells increased when stimulated 
with allogeneic normal DCS whereas IL-10-producing cells 
increased when Stimulated with allogeneic immunoregula 
tory DCs (FIG. 3B). Further, functions of CD4" CD25 T 
cells induced with the aid of allogeneic immunoregulatory 
DCs were analyzed (FIG.3C). The method was as described 
below. Human naive CD4 T cells (5x10 cells) were cul 
tured together with X-ray (15 Gy)-irradiated allogeneic 
normal mature DCs (5x10 cells) for 3 days, negative 
Selection was carried out using an anti-CD11c antibody and 
a magnetic-beads-coupled goat anti-mouse IgG antibody, 
and antigen-stimulated CD4 cells were obtained. Human 
CD4" CD25" T cells were isolated by culturing naive CD4" 
T cells (5x10° cells) with allogeneic immature immunoregu 
latory DCs (5x10 cells) for 5 days and using an anti-CD25 
antibody (BD PharMingen) and a magnetic-beads-coupled 
goat anti-mouse IgG antibody. As a result of FACS analysis, 
purity was found to be 95% or higher. The obtained antigen 
stimulated CD4 cells were mixed with a different amount 
of CD4" CD25 T cells, the resultant was cultured with 
allogeneic mature normal DCs (10" cells) for an additional 
5 days, and cell growth was then assayed. While the antigen 
Stimulated CD4 cells alone responded to allogeneic mature 
normal DCs and abundantly grew, CD4 CD25 T cells 
alone did not substantially responded thereto. When CD4 
CD25 T cells were cultured together with antigen-stimu 
lated CD4 cells, they suppressed the growth of stimulated 
CD4 cells in a dose-dependent manner. However, the 
Suppression effects were not dissolved even though the 
number of CD4 CD25 T cells was maintained at a constant 
level while the number of antigen-stimulated CD4 cells 
was increased. This indicates that cell growth is not merely 
Suppressed by competitive inhibition against allogeneic anti 
gens. This Suppression effect disappears when the CD4" 
CD25 T cells are separated from the stimulated CD4 cells 
in a transwell, and the Suppression activity partially disap 
pears with the addition of IL-2. An IL-10- or TGF-B- 
neutralizing antibody did not affect the Suppression activity 
(data is not shown) In the case of CD4" CD25" T cells 
(donor A, induced by immunoregulatory DCs of allogeneic 
donor B), Suppression of the activation of naive CD4" T 
cells (donor A) by allogeneic mature normal DCs (donor B) 
is twice as potent as Suppression of the activation of naive 
CD4 T cells (donor A) by allogeneic mature normal DCs 
(donor C). This indicates that the Suppression activity by 
CD4. CD25 T cells can be antigen-specific or non-specific 
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(data is not shown). Accordingly, immunoregulatory DCs 
effectively induce CD4 CD25 immunoregulatory T cells. 

Example 4 

Human Immunoregulatory DCs Induce CD8" 
CD28 Immunoregulatory T Cells 

0126 Human naive CD8" T cells (5x10 cells) isolated in 
a manner Similar to that of Example 2 were cultured together 
with X-ray (15 Gy)-irradiated allogeneic normal DCs or 
allogeneic immunoregulatory DCs (5x10 cells) for 5 days, 
and negative Selection was earned out using an anti-CD11c 
antibody and a magnetic-beads-coupled goat anti-mouse 
IgG antibody to recover CD8" T cells. These cells were 
subjected to analysis of cell surface antigens (left in FIG. 
4A) and inspection of intracellular cytokine production. Cell 
Surface antigens were analyzed in accordance with Example 
1, and intracellular cytokines were assayed in the following 
manner. Cells stimulated with PMA (20 ng/ml, Sigma) and 
Cat" ionophore A23.187 (500 ng/ml, Sigma) for 6 hours 
were permeated, immobilized, Stained with anti-human 
IL-10 and IFN-Y, and then analyzed using FACS. The 
analysis revealed that CD8" CD28' cells were induced when 
naive CDs" T cells were cultured together with allogeneic 
normal DCs whereas CD8" CD28 cells were induced when 
naive CD8" T cells were cultured together with allogeneic 
immunoregulatory DCs (FIG. 4A). When intracellular 
cytokines were inspected, the number of INF-Y-producing 
cells increased when naive CD8" T cells were cultured 
together with allogeneic normal DCs. In contrast, when 
naive CD8" T cells were cultured together with allogeneic 
immunoregulatory DCs, the number of IL-10-producing 
cells increased (FIG. 4A). Further, functions of CD8" 
CD28 cells obtained by culturing with allogeneic mature 
DCs in the aforementioned manner and those of CD8" 
CD28 cells obtained by culturing with allogeneic immature 
immunoregulatory DCs were analyzed CD8" CD28 T cells 
or CD8" CD28 T cells (10' to 10 cells) were cultured 
together with X-ray-irradiated allogeneic mature normal 
DCs (10" cells) and antigen-stimulated CD4 T cells (10 
cells) prepared in the same manner as in Example 3, and cell 
growth assay was carried out 5 days thereafter. In a transwell 
experiment utilizing a 24-well plate, X-ray-irradiated allo 
geneic mature normal DCs (10 cells) were added to CD8" 
CD28" T cells or CD8" CD28 T cells (10° cells), antigen 
stimulated CD4 T cells (10 cells) and X-ray-irradiated 
allogeneic normal mature DCs (10 cells) were directly 
added thereto or partitioned in Separate transwell chambers, 
and the resultant was cultured for 5 days. DCs were removed 
in the same manner as in Example 2 five days thereafter, T 
cells (10 cells) were transferred to a 96-well plate, and cell 
growth assay was carried out. When CD8" CD28" T cells 
were cultured together with allogeneic mature normal DCS 
or when antigen-stimulated CD4 T cells were cultured 
together with allogeneic mature normal DCs, CD4 or CD8" 
CD28" T cells was found to have been grown. In contrast, 
CD8" CD28 T cells did not substantially grow when CD8" 
CD28 T cells were cultured together with allogeneic 
murine normal mature DCs (FIG. 4B). Further, CD8" 
CD28 T cells Suppressed the growth of CD4 T cells caused 
by allogeneic mature normal DCS in a dose-dependent 
manner (FIG. 4B). Transwell experiment revealed that 
contact between CD4 T cells and CD8 CD28 cells was 
necessary for this suppression activity (FIG. 4B). This 
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demonstrates that immunoregulatory DCs induce CD8" 
CD28 immunoregulatory T cells from naive CD8" T cells. 

Example 5 

Human Immunoregulatory DCS SuppreSS 
Graft-Versus-Host Disease after Xenogeneic 
Transplantation Caused by Human T Cells 

0127 Effects of human immunoregulatory DCs in mod 
els of graft-Versus-host disease (GvHD) after Xenogeneic 
transplantation (the process is described in Example 7) were 
examined. Human immunoregulatory DCs were induced in 
the same manner as in Example 1. Normal immature human 
DCs or immature human immunoregulatory DCS were 
pulsed with necrotized spleen cells of BALB/c mice (10 
cells) for 24 hours, culture was carried out in the presence 
of TNF-C. (50 ng/ml) for 3 days, and cultured cells were then 
allowed to mature. Necrotized cells were prepared by Sub 
jecting cells to a freeze/thaw cycle four times. Xenogeneic 
GvHD responses were induced in the same manner as 
described in Example 7, and the aforementioned cells (4x10 
cells) were administered through caudal veins 2 days after 
the induction. As a result, the mice died due to administra 
tion of normal mature human DCS Significantly earlier than 
the control group, and administration of mature human 
immunoregulatory DCS Significantly prolonged their Sur 
vival (FIG. 5A). In the same manner as in Example 6, 
human T cells were separated from Spleen cells 10 days after 
administration, and reactivity with murine normal mature 
DCs was assayed. As a result, human T cells derived from 
mice to which normal mature human DCs had been admin 
istered exhibited Significantly higher reactivity compared 
with that of the control group, and human immunoregulatory 
T cells derived from mice to which murine normal mature 
DCs had been administered exhibited significantly lower 
reactivity compared with that of the control group (FIG. 
5B). 

B: EXAMPLES EMPLOYING MURINE 
IMMUNOREGULATORY DCS 

Example 6 

Method of Preparing Murine DCs and Murine T 
Cells, Method of Stimulating T Cells in vivo, and 
Method of Experimentation Utilizing T Cells 

0128 Murine normal mature DCs (mDCs) were prepared 
by culturing bone marrow cells obtained from BALB/c, 
C57BL/6, DBA/1, or CBA/1 mice in a plastic culture dish in 
the presence of recombinant murine GM-CSF (20 ng/ml, 
PeproTech, London, England) for 6 days, and conducting 
further culture in the presence of LPS (1 lug/ml, Sigma, St. 
Louis, Mo.) for 2 days. Murine immunoregulatory DCs 
(rDCs) were prepared by culturing murine bone marrow 
cells obtained from mice of the same Strain as the murine 
normal mature DCS in a plastic culture dish in the presence 
of recombinant murine GM-CSF (20 ng/ml, PeproTech, 
London, England), recombinant murine IL-10 (20 ng/ml, 
PeproTech, London, England), and recombinant human 
TGF-B1 (20 ng/ml, PeproTech, London, England) for 6 
days, and then conducting further culture in the presence of 
LPS (1 lug/ml, Sigma, St. Louis, Mo.) for 2 days. Dihydrox 
yvitamin D-conditioned DCS were prepared by culturing 
murine bone marrow cells obtained from mice of the same 
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Strain as the murine normal mature DCS in a culture dish in 
the presence of recombinant murine GM-CSF (20 ng/ml, 
PeproTech, London, England) and dihydroxyvitamin D (10 
nM, Sigma, St. Louis, Mo.) for 6 days, and then conducting 
further culture in the presence of LPS (1 lug/ml, Sigma, St. 
Louis, Mo.) for 2 days. 
0129. T cell fractions were prepared in the following 
manner. Specifically, Spleen mononuclear cells fractions of 
normal mice (H-2, H-2, or H2) were suspended in PBS, 
rat antibodies against Ly-76, B220, Ly-6G, and I-A/I-E (BD 
PharMingen, San Diego, Calif.) were added, incubation was 
carried out at 4 C. for 30 minutes, cells were washed with 
PBS, Sheep anti-rat IgG mAb-conjugated immunomagnetic 
beads (Dynal, Oslo, Norway) were added, incubation was 
carried out again at 4 C. for 30 minutes, cells were washed 
with PBS, and T cell fractions were obtained by negative 
selection. A rat anti-CD8 or CD4 antibody (BD PharMingen, 
San Diego, Calif.) and sheep anti-rat IgG mAb-conjugated 
immunomagnetic beads were added to aforementioned T 
cell fractions in the same manner described above, and 
CD4 T cell fractions or CD8" T cell fractions were obtained 
by negative Selection. As a result of analysis using a flow 
cytometer FACScan (Becton Dickinson, Mountain View, 
Calif.), purities of these T cell fractions were all 97% or 
higher. 

0130 Bone marrow cells (1.5x10" cells/mouse) and 
spleen mononuclear cells (1.5x107 cells/mouse) (BMS) 
derived from allogeneic donor mice were administered 
intravenously to recipient mice to which lethal doses of 
X-rays had been applied (10 Gy/mouse) and then trans 
planted. Combinations of a recipient mouse with a donor 
mouse were: 1) BALB/c(H-2) with C57BL/6(H-2); 2) 
C57BL/6(H2) with BALB/c(H-2"); or 3) DBA/I(H-29) with 
BALB/c(H-2). Spleen mononuclear cells were recovered 5 
days after transplantation, recipient cells were removed by 
negative Selection using an anti-recipient type I-K mouse 
antibody and anti-mouse IgG microbeads to prepare donor 
derived spleen mononuclear cell fractions. The yield of this 
fraction was 2x107 cells/mouse or lower, and the content of 
donor type I-K" cell was 95% or higher. CD4" T cell 
fractions and CD8" T cell fractions were prepared in the 
same, manner as in Example 6, and the yield thereof was 
4x10 cells/mouse. 

0131 Similarly, donor-derived CD4 T cells and CD8" T 
cells were recovered from the Spleen mononuclear cell 
fraction of recipient mice to which allogeneic transplanta 
tion had been applied and murine normal mature DCS or 
murine immunoregulatory DCs bad been then administered. 
The yield thereof was 1x10" or 3x10" cells/mouse or lower. 
The recovered cells were cultured in the presence of recom 
binant murine IL-2 (10 ng/ml) for 3 days and then used in 
the assay. 

Example 7 

Murine Immunoregulatory DCS Suppress Human 
Xenogeneic T Cell Responses 

0132) Murine normal mature DCs and murine immuno 
regulatory DCS were prepared in the same manner as in 
Example 6. Phenotypes were analyzed using a flow cytom 
eter. An anti-CD11c antibody, an anti-CD40 antibody, an 
anti-CD80 antibody, an anti-CD86 antibody, an anti-I-K". 
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antibody, an anti-I-A/I-E antibody, and isotype controls 
thereof (BD PharMingen) were used for staining. Numerical 
values presented in the upper right of FIG. 6A indepen 
dently represent mean fluorescence intensity when Stained 
with an antibody. As a result, Significant difference was not 
observed in the expression of I-A/I-K molecules in the case 
of murine modified DCs compared with the case of murine 
normal mature DCs, although expression levels of CD40, 
CD80, and CD86 (costimulating molecules) were lower in 
murine modified DCs. 

0133. The capacity for activating human T cells was 
examined. This demonstrated that murine immunoregula 
tory DCS had lower capacity for activating human T cells 
compared with murine normal mature DCS (data is not 
shown). While human T cells that had been activated by 
murine normal mature DCS were reactivated by murine 
normal mature DCs, human T cells that had been activated 
by murine immunoregulatory DCs were not reactivated by 
murine normal mature DCs (data is not shown). 
0134) Functions of murine immunoregulatory DCs in 
Xenogeneic GvHD were further examined. Xenogeneic 
GvHD was induced in the following manner. PBL (5x107 
cells) were cultured together with X-ray (15 Gy)-irradiated 
murine normal mature DCS or murine immunoregulatory 
DCs (H-2) (5x10° cells) in the presence or absence of 
human IL-2 (100 U/ml) for 3 days, negative selection for 
human T cells was carried out using an anti-l-K antibody 
(BD PharMingen) and goat anti-mouse IgG antibody-con 
jugated immunomagnetic beads, culture was further carried 
out in the presence of human IL-2 (10 U/ml) for 3 days, and 
human T cells Stimulated with Xenoantigens were obtained. 
Anti-asialo GM1 antiserum (20 ul, 10 mg/ml, Wako Pure 
Chemical Industries, Ltd.) was administered to C.B.-17-scid 
recipient mice (H-2) one day before cell transplantation, 
and a sublethal dose of X-rays (5 Gy) was applied on the day 
of cell transplantation. Subsequently, human T cells Stimu 
lated with Xenoantigens or unstimulated human T cells 
(4x10 cells) were administered to mice intraveneously. Two 
days after the administration of human T cells, murine 
normal mature DCs (4x10" cells) or murine immunoregu 
latory DCs (4x10 cells) obtained in the same manner as in 
Example 6 were administered. The group to which murine 
immunoregulatory DCs and human IL-2 (10"U) were to be 
Simultaneously administered on days 3, 5, and 7 was also 
provided. As a result, mice (the control group) to which 
human T cells had been transplanted died within 24 days 
after the cell transplantation due to Xenogeneic GvHD 
responses. When human T cells stimulated with murine 
normal mature DCS were transplanted to mice, they died 
significantly earlier than those in the control group (P<0.01). 
In contrast, mice Survived longer when human T cells 
stimulated with murine immunoregulatory DCs had been 
transplanted. When human T cells stimulated with murine 
immunoregulatory DCS had been transplanted to mice in the 
presence of IL-2 (100 U/ml), however, the Survival of mice 
was curtailed (FIG. 6B). Ten days after the transplantation, 
human T cells were recovered from spleen cells of the 
recipient mice, and their reactivity with murine normal 
mature DCS was examined in the following manner. Mono 
nuclear cells were recovered from Spleen cells using a 
HISTOPAQUE-1080 (Sigma), negative selection was car 
ried out using an anti-I-Kantibody and goat anti-mouse IgG 
antibody-conjugated immunomagnetic beads to prepare 
human T cells, and the resultant was cultured in the presence 
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of human IL-2 (10 U/ml) for 3 days. These human T cells 
(10 cells) were cultured together with normal mature murine 
DCs (10 to 5x10" cells) for 5 days, and cell growth assay 
was carried out. The assay revealed that human T cells 
derived from mice to which human T cells stimulated with 
murine normal mature DCS had been transplanted had 
higher reactivity with murine normal mature DCs than the 
control group to which human T cells only had been 
transplanted (FIG. 6C) In contrast, human T cells derived 
from mice to which human T cells stimulated with murine 
immunoregulatory DCs had been transplanted exhibited low 
reactivity with murine normal mature DCs (FIG. 6C). 
Survival of the xenogeneic GvHD models was prolonged 
when murine immunoregulatory DCS had been administered 
after human T cell transplantation. This effect of prolonged 
survival was abrogated by IL-2 administration (FIG. 6D). 
0135) In order to analyze therapeutic effects of murine 
immunoregulatory DCS on acute GvHD caused by allogenic 
bone marrow transplantation utilizing SCID mice, the influ 
ence of a Single administration of murine immunoregulatory 
DCs (H-2) on lethal GvHD, which developed in the recipi 
ent mice (H-2') to which allogeneic bone marrow cells and 
spleen mononuclear cells (H-2) had been transplanted, was 
inspected. The SCID mice (H-2') were systemically irradi 
ated with a lethal dose of radioactive rays (10 Gy/mouse), 
and C57BL/6 mice-derived bone marrow cells (H-2, 2x107 
cells/mouse) and G57BL/6 mice-derived spleen mono 
nuclear cells (H-2, 2x107 cells/mouse) prepared in the 
manner described above were administered. Two days later, 
a group to which murine normal mature DCs (4x10° cells/ 
mouse) or murine immunoregulatory DCs (4x10 cells/ 
mouse) prepared in the manner described above were to be 
administered and a group to which DCS were not to be 
administered were provided, and the survival (%) of these 
groups thereafter was observed. All Samples in the group to 
which DCs had not been administered died within 18 days 
after the transplantation, and all Samples in the group to 
which murine normal mature DCs had been administered 
died earlier than those in the former group (within 12 days). 
However, all Samples in the group to which murine immu 
noregulatory DCs had been administered were still alive 120 
days after the transplantation. This demonstrates that murine 
immunoregulatory DCs have therapeutic effects on acute 
graft-Versus-host disease that is developed after allogeneic 
bone marrow transplantation using SCID mice (FIG. 6E). 

Example 8 

Comparison of Cell Surface Molecule Expression 
of Murine Immunoregulatory DCs with that of 
Murine Normal Mature DCs and functions of 

Murine Immunoregulatory DCs 

0.136 Murine normal mature DCs or murine immuno 
regulatory DCS prepared in accordance with the method 
described in Example 6 were washed with PBS, fluorescein 
conjugated antibodies specific to DC markers (CD11c), 
costimulating molecules (CD40, CD80, and CD86), or 
MHC molecules (I-K" and I-A/I-E) were added, and incu 
bation was then carried out under ice cooling for 30 minutes. 
After washing with PBS, the expression of each molecule 
was inspected using a flow cytometer (Becton Dickinson). 
In murine normal mature DCs (H-2), CD11c, CD40, CD80, 
CD86, I-K", and I-A/I-E were expressed with high intensity 
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and high frequency. In murine immunoregulatory DCs, 
CD11c and MHC molecules were expressed with high 
frequency, although expression levels of CD40, CD80, and 
CD86 were significantly low (Table 1 and FIG. 7A). Expres 
Sion patterns of cell Surface molecules for murine immuno 
regulatory DCs derived from all the examined mouse Strains 
(H-2, H, and H-2) exhibited the same inclination (Table 
1). 

TABLE 1. 
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been incorporated in cells was recovered onto a glass filter 
from the culture plate using a cell harvester, dehydrated, 
thoroughly penetrated with aquaSol, and packaged in a 
dedicated-purpose film. The B-dose was measured using a B 
counter to inspect the activation of T cell growth caused by 
DCs. This demonstrates that murine normal mature DCs 
(H-2) potently activate allogeneic CD4 T cells (H-2 or 
H-2'). In contrast, the capacity of murine immunoregulatory 

Phenotypes and capacity for stimulating allogeneic T cells of immunoregulatory 
DCs induced from a variety of mouse strains 

CD40 CDG1c CD8O CD86 -K 

BALBfc mice mDCs 68 it 8/215 - 45 58 + 7/252 + 33 848/440 - 53 77.9/994 - 74 86 - 10/640 - 75 
(H-2) rDCs 4 + 2/143 60 + 5/243 + 41 5 : 3/23 - 11 10 - 3/36 - 12 48 - 10/359 it 48 
(n = 10) D- 32 + 5/130 - 15 47 it 5/178 - 24 29 + 6/111 - 28 28 + 7/257+ 36 42 + 5/284 + 43 

conditioned 
DCS 

C57/BL6 mice mDCs 65 - 7,204 - 34 61 + 5/294 - 41 80 + 10,387 - 49 75 - 8/979: 68 83 - 12/628 + 64 
(H-2G)) rDCs 3 + 2f12 - 5 54 - 4/236 - 45 4 + 2f18 + 9 8 + 3/24 - 7 47 - 3/385-51 
(n = 10) 
DBA/I mice mDCS 64 - 10/19833 63 - 8/3O2 + 48 76 - 12/355 - 42 72 +9/945 - 54 81 - 13/612 + 58 
(H-2G)) rDCs 3 + 2/10 - 4 51.9f244 - 32 5 it 3/19 it 8 7 - 2/21 + 6 46 - 7/344 - 53 
(n = 10) 
BALB?c mice rDCs 5 it 3/18 H 5 57 - 7/231 + 29 6 - 2/3O+ 9 8 - 4f 42 + 12 52 - 12/378 - 51 
(H-2G) 
(n = 10) 

Tcell (H-2(2)(DC ratio 

I-A and/or I-E 10:1 100:1 2OO:1 

BALBfc mice m)CS 77 - 12/24.05 - 324 395.47 - 2414 15474 1252 4321 - 341 
(H-2) rDCs 73 - 11/1162 - 187 541 - 121 194 64 154 - 18 
(n = 10) D- 48 - 6/687 - 85 12654 554 3354 - 654 1145 - 221 

conditioned 
DCs 

C57/BL6 mice m)CS 75 - 14/23O2 + 287 35784 - 1987 13421 - 1754 3982 405 
(H-2(2) rDCs 74 - 12/1039 - 155 334 - 94 144 - 34 139 64 
(n = 10) 
DBA/I mice m)CS 74 - 11/2159 - 266 33541 - 2154 11815 - 1554 3451 - 364 
(H-2(2)) rDCs 71 - 14f1124 - 265 297 14 133 14 12834 
(n = 10) 
BALBfc mice rDCs 70 - 8/1243 - 194 425 | 84 189 72 121 - 34 
(H-2(2) 
(n = 10) 

The value of (GHG) thymidine incorporation of T cells alone was less than 100 (). 
DCs were obtained from the spleen in rDC (H-2(?)-treated recipients (H-2(2) of allogeneic BMS (H-2(?)) on 5 days after 

transplantation as described in Experimental Procedures. 
(2) indicates text missing or illegible when filed 

0.137 Lymphocytes having different histocompatible 
antigens (antigen-presenting cells and T cells) were Sub 
jected to mixed-culture. Thus, the capacity of T cells to 
activate and to grow alloantigens can be inspected in vitro. 
The capacities of murine immunoregulatory DCS and 
murine normal mature DCS to activate allogeneic T cells 
were inspected in the following manner. More Specifically, 
unprimed or primed CD4 T cells (2x10 cells) were cul 
tured together with X-ray (15Gy) irradiated allogeneic 
murine normal nature DCS, murine immunoregulatory DCs, 
or dihydroxyvitamin D-conditioned DCs (10 to 2x10 
cells) in the presence or absence of recombinant murine IL-2 
at 37° C. in 5% CO in a 96-well culture plate for 3 days. 
Thereafter, H thymidine (Amersham Life Science, Buch 
inghamshire, UK) was added in an amount of 1 uCi/well, 
and culture was further conducted at 37 C. in 5% CO in a 
96-well culture plate for 16 hours. H thymidine that had 

DCs to activate allogeneic CD4 T cells was lower than that 
of murine normal mature DCs or dihydroxyvitamin D-con 
ditioned DCs known as immunotolerance-inducible DCs 
(Table 1 and FIG. 7B). Capacities of murine immunoregu 
latory DCs derived from all the examined mouse strains 
(H-2, H-2, and H-2') to activate allogeneic T cells tended 
to be similar to one another (Table 1). 
0.138 Influence of murine immunoregulatory DCs upon 
CD4 T cells subjected to allogeneic stimulation in vivo was 
inspected. Specifically, CD4 T cells (I-K" CD4") obtained 
from recipient mice Subjected to allogeneic bone marrow 
transplantation were cultured with mature normal DCS 
derived from allogeneic mice or murine immunoregulatory 
DCs (H-2') in a plastic culture plate in accordance with the 
method described in Example 6, and activation of CD4 T 
cells was inspected. When murine normal mature DCs 
(H-2') were further added to a culture system of I-K" CD4" 
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T cells in combination with murine normal mature DCs 
(H-2), the activation of I-K" CD4 T cells was slightly 
enhanced. In contrast, when murine immunoregulatory DCS 
(H-2') were added to the same culture system, activation 
induced by murine normal mature DCs (H-2') was sup 
pressed in accordance with the number of murine immuno 
regulatory DCS added. In contrast, when murine normal 
mature DCs prepared from an unrelated mouse strain (H-2) 
were added, I-K" CD4 T cells were activated in a more 
potent manner. When murine immunoregulatory DCS 
derived from an unrelated mouse strain (H-2) were added, 
no or Substantially no influence was imposed upon the 
activation of I-K+CD4 T cells caused by murine normal 
mature DCs (H-2) (FIG.7C). Accordingly, suppression of 
CD4 T cell activation induced by murine immunoregula 
tory DCS was Suggested to be an antigen-specific response. 
Similar experimental results were obtained with DC-T cell 
combinations of a strain different from the aforementioned 
one (FIG. 7D). 
0139 Influence of murine immunoregulatory DCs on the 
activity of CD8" T cells subjected to allogeneic stimulation 
in vivo was inspected. Specifically, CD8" T cells (I-K" 
CD8") obtained from recipient mice subjected to allogeneic 
bone marrow transplantation were cultured with mature 
normal DCs derived from allogeneic mice or murine immu 
noregulatory DCs (H-2') in a plastic culture plate in accor 
dance with the method described in Example 6, and the 
activation of CD8" T cells was inspected. Cytotoxicity of 
CD8" T cells stimulated in vivo was inspected in the 
following manner. Specifically, CD8" T cells stimulated in 
vivo and in vitro were mixed with P815 cells, EL4 cells, and 
Con A-blast cells that had been radioactively labeled with 
NasiCrO (10" cells) at various mixing ratios, the resultants 
were Subjected to culture for 4 hours, the culture Superna 
tants were recovered, and the activity of radioactive Sub 
stances contained therein was assayed. I-K" CD8" T cells 
Subjected to allogeneic Stimulation in Vivo exhibited potent 
cytotoxicity against the cell strain P815 (H-2'), which was 
Syngeneic to the Stimulation. However, they did not exhibit 
any activity against the cell strain EL4(H-2) or ConA-blast 
(H-2), which were strains different therefrom (FIG. 7E). 
This indicates that cytotoxicity induced in CD8" T cells 
stimulated with H-2 in vivo is specific to H-2'. When I-K" 
CD8" T cells subjected to stimulation in vivo were cultured 
together with murine immunoregulatory DCs (H-2'), how 
ever, their cytotoxicity against P815 was significantly Sup 
pressed. When they were cultured together with Syngeneic 
murine immunoregulatory DCs (H-2) or the immunoregu 
latory DCs of unrelated mica (H-2), their activity was not 
substantially affected (FIG. 7E). These results indicate that 
Suppression of CTL activity by murine immunoregulatory 
DCS was an antigen-Specific response. Similar results were 
attained with combinations of different mouse strains (FIG. 
7F). 
0140. The capacity of murine immunoregulatory DCs to 
induce immunotolerance to allogeneic CD4 T cells was 
inspected. 

0141) Allogeneic CD4 T cells (H-2) that had been 
stimulated with murine normal mature DCs (H-) in the 
primary culture Strongly responded to Secondary Stimulation 
with murine normal mature DCs (H-2'). Allogeneic CD4"T 
cells (H-2) that had been stimulated with murine immuno 
regulatory DCs (H-2) exhibited low reactivity with the 
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Secondary Stimulation with murine normal mature DCS 
(H-"). Growth of CD4 T cells, however, was restored with 
the addition of IL-2 when Secondary Stimulation took place. 
In contrast, CD4 T cells (H-2) that had been stimulated 
with murine normal mature DCs (H-2) exhibited reactivity 
equivalent to the response of unprimed CD4 T cells (H-2) 
against Secondary Stimulation with mature normal DCS 
(H-2' or H-2) derived from the unrelated mice. CD4 T cells 
that had been Stimulated with murine immunoregulatory 
DCs (H-2') exhibited slightly weaker reactivity with mature 
normal DCs (H-2 or H-2) derived from the unrelated mice 
(FIG.70). Similar results were attained with combinations 
of different mouse strains (FIG.7H). 

Example 9 
Therapeutic Effects of Murine Immunoregulatory 

DCs on Acute GvHD after Allogeneic 
Transplantation 

0142. In order to analyze the therapeutic effects of murine 
immunoregulatory DCs on acute GvHD caused after allo 
geneic bone marrow transplantation, the influence of murine 
immunoregulatory DCs on lethal acute GvHD, which was 
developed in the recipient mice to which allogeneic bone 
marrow cells and Spleen mononuclear cells had been trans 
planted, was inspected in the following manner. PBS (0.2 
ml) consisting of bone marrow cells derived from allogeneic 
donor mice (1.5x10" cells/mouse) or PBS (0.4 ml) compris 
ing the aforementioned bone marrow cells and Spleen mono 
nuclear cells (1.5x10" cells/mouse) were transplanted via 
injection into caudal veins of recipient mice (H-2 or H-2, 
each group consisting of 5 individuals) irradiated with lethal 
doses of X-rays (10 Gy/mouse). Two or five days after 
transplantation, murine normal mature DCS derived from the 
Syngeneic or allogeneic Strains of the recipient mice, murine 
immunoregulatory DCs, or dihydroxyvitamin D-condi 
tioned DCS were administered to the recipient mice in 
amounts of 1.5x10" to 5.0x10 cells/0.2 ml/mouse once or 
twice. The aforementioned recipient mice into which allo 
geneic bone marrow cells and Spleen mononuclear cells had 
been transplanted were Subjected to observation once a day 
until they died of GvHD or until 60 days had passed after the 
transplantation, in order to inspect their Survival periods and 
changes in body weights. Allogeneic bone marrow cell- or 
spleen mononuclear cell (H-2)-transplanted recipient mice 
(H-2') developed significant symptoms of acute GvHD such 
as piloercetion, lowered motility, and decreased body 
weights within 6 days after transplantation, and all individu 
als died within 8 days after transplantation. Individuals in 
the group to which murine normal mature DCs (H-2) had 
been administered once in amounts of 1.5x10 cells/mouse 
2 days after bone marrow transplantation died before acute 
GvHD was developed. However, recipient mice of the group 
to which murine immunoregulatory DCs (H-2) of their 
Syngeneic mice had been administered once 2 days after 
bone marrow transplantation in amounts of 1.5x10 cells/ 
mouse did not die, and Survived until 60 days after trans 
plantation. In this case, no or Substantially no symptoms of 
acute GvHD were observed (FIG. 8A). Murine immuno 
regulatory DCS exhibited more potent therapeutic effects on 
acute GvHD than dihydroxyvitamin D-conditioned DCs 
(FIG. 8B). Similar results were attained with combinations 
of different mouse strains (FIG. 8C). 
0.143 Single administration of a different number of 
murine immunoregulatory DCs, i.e., 1.5x10" cells/mouse, 
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1.5x10 cells/mouse, or 1.5 x 10° cells/mouse, was carried 
out 2 days after bone marrow transplantation, and the 
therapeutic effects on acute GvHD were found to vary in a 
dose-dependent manner (FIG. 8D). Also, when murine 
immunoregulatory DCs (1.5x10" cells/mouse or 1.5x10 
cells/mouse) were administered 2 days after transplantation 
or 2 days and 5 days after transplantation and when murine 
immunoregulatory DCs (1.5x10" cells/mouse) were admin 
istered 5 days after transplantation, the Survival of recipient 
mice was prolonged (FIG. 8D). In contrast, a single admin 
istration of murine immunoregulatory DCs (1.5x10 cells/ 
mouse) 5 days after bone marrow transplantation signifi 
cantly lowered the therapeutic effects. A Single 
administration of murine immunoregulatory DCs (5.0x10 
cells/mouse) allowed all recipient mice to survive (FIG. 
8D). 

Example 10 

Influence of the Adminsitered Murine 
Immunoregulatory DCs on Immune Responses of 
Allogeneic Bone-Marroe-Transplanted Recipients 

and the Half-Lives Thereof 

0144) Donor-derived T-K" T cells in the spleen mono 
nuclear cells of the recipient mice 5 days after bone marrow 
transplantation were analyzed. The contents of I-K" CD3" 
T cells, I-K" CD4 T cells, and I-K" CD8" T cells in the 
Spleen mononuclear cells of the recipient mice to which 
murine normal mature DCS had been administered after 
bone marrow transplantation were significantly increased 
compared with those in the recipient mice to which DCs had 
not been administered. In contrast, I-K" CD3" T cells and 
I-K" CD8" T cells in the recipient mice to which murine 
immunoregulatory DCS had been administered significantly 
decreased compared with those in the recipient mice to 
which DCs had not been administered. Although there was 
no significant difference with regard to the I-K" CD4" T 
cell contents, they were significantly decreased (FIG. 9A). 
0145 Allogeneic reactivity of I-K" CD4 T cells against 
murine normal mature DCS in the recipient mice to which 
bone marrow had been transplanted was inspected. I-K" 
CD4 T cells prepared from recipient mice to which DC had 
not been administered or murine normal mature DCS had 
been administered Strongly responded to murine normal 
mature DCs (H-2'). In contrast, I-K" CD4" T cells prepared 
from recipient mice to which murine immunoregulatory 
DCs had been transplanted exhibited low reactivity with 
murine normal mature DCs (H-2'), and this reactivity was 
restored with the addition of recombinant murine IL-2. The 
reactivity of those I-K" CD4 T cells to the mature normal 
DCs from unrelated mice (H-2) was lower than that of 
another recipients (FIG. 9B). 
0146 For the purpose of inspecting the cytotoxicity of 
donor-derived I-K" CD8" T cells against the recipients 
tissues (H-2') in the bone marrow-transplant recipients, the 
cytotoxicity of I-K" CD8" T cells prepared from the recipi 
ents against P815 and EL4 was inspected. I-K" CD8" T 
cells derived from the recipients to which murine normal 
mature DCs had been administered exhibited higher cyto 
toxicity against P815 than that derived from the recipients to 
which DCs had not been administered. In contrast, the 
cytotoxicity against P815 of I-K" CD8" T cells derived 
from the recipients to which murine immunoregulatory DCS 
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had been administered was significantly low. In these I-K" 
CD8" T cells, no or substantially no cytotoxicity against ELA. 
was observed. It was suggested that the cytotoxicity of I-K" 
CD8" T cells was specific to H-2 (FIG. 9C). 
0147 The inflammatory cytokine content in the serum of 
the recipients 5 days after bone marrow transplantation was 
inspected. The content of IFN-Y, TNF-C., and IL-12 p40 in 
the Serum of the recipients to which murine normal mature 
DCs had been administered was significantly higher than 
that in the recipients to which DCs had not been adminis 
tered. In contrast, the content of IFN-y, TNF-C., and IL-12 
p40 in the Serum of the recipients to which murine immu 
noregulatory DCS had been administered was significantly 
lower than that in the recipients to which DCs had not been 
administered (FIG. 9D). 
0.148. For the purpose of inspecting the half-lives of 
murine immunoregulatory DCS that had been administered 
to the recipient mice, murine immunoregulatory DCs (H-2) 
to which carboxyfluorescein diacetate-Succinimidyl estate 
(CFSE) had been added was administered to the bone 
marrow-transplanted recipients Migration thereof to the 
Spleen was inspected using a flow cytometer. In the Spleen 
mononuclear cells I day after administration of DCs, about 
4% thereof were found to be CFSE" murine immunoregu 
latory DCs, and the half-life of the murine immunoregula 
tory DCS administered was approximately 18 days after 
administration (FIG.9E). In order to inspect the stability of 
murine immunoregulatory DCs under inflammation-induc 
ing conditions after transplantation in an organism, the 
expression of cell Surface molecules and capacity for acti 
Vating allogeneic T cells of murine immunoregulatory DCS 
prepared from the recipient mice (H-2) to which bone 
marrow (H-2) had been transplanted and murine immuno 
regulatory DCs (H-2') had been administered 5 days after 
transplantation were inspected (Table 1). This indicated that 
there were no or Substantially no changes in properties of 
murine immunoregulatory DCs due to transplantation in an 
organism, and properties of murine immunoregulatory DCS 
were maintained even under inflammation-inducing condi 
tions in an organism. 

Example 11 

Examination of the Involvement of 
Immunoregulatory T Cell Induction in Therapeutic 

Effects of the Administered Murine 
Immunoregulatory DCs in Allogeneic GvHD 

0149) Donor-derived CD4 T cells (H-2) were prepared 
from spleens of mice (H-2') after the transplantation of 
allogeneic bone marrow cells and Spleen mononuclear cells 
(H-2) or spleens of mice (H-2') to which a variety of DCs 
(H-2) had been administered after the aforementioned 
transplantation 5 days after the transplantation. The ratios of 
CD25, CD152, and CD154 to be expressed were analyzed 
using FACS, and the results were compared with those of 
normal mice (H-2) without transplantation (FIG. 10A). 
Transplantation, administration of DCs, and preparation of 
donor-derived CD4 T cells were carried out in accordance 
with the method described in Example 6. In the group to 
which only allogeneic bone marrow cells and Spleen mono 
nuclear cells had been transplanted (recipients (H-2) of 
BMS (H-2)) and in the group to which murine normal 
mature DCS had been administered Subsequent to the trans 
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plantation (mDC (H-2')-treated recipients (H-2) of BMS 
(H-2)), the ratios of CD25 and CD154 to be expressed were 
higher than those in the case of normal mice. In contrast, the 
ratios of CD25 and CD152 to be expressed were higher in 
the group to which allogeneic bone marrow cells and Spleen 
mononuclear cells had been transplanted and murine immu 
noregulatory DCs had been then administered (rDC (H-2)- 
treated recipients (H-2') of BMS (H-2)) 
0150. As described above, donor-derived CD4 T cells 
(H-2) were prepared from spleens of mice (H-2') after the 
transplantation of allogeneic bone marrow cells and Spleen 
mononuclear cells (H-2) or spleens of mice (H-2') to which 
a variety of DCs (H-2) had been administered after the 
aforementioned transplantation 5 days after the transplanta 
tion. Intracellular cytokines after the Secondary Stimulation 
carried out in the aforementioned manner were analyzed 
using FACS (FIG. 10B). Transplantation, administration of 
DCs, preparation of donor-derived CD4 T cells, and analy 
sis of intracellular cytokines were carried out in the manner 
described above. In the group to which only allogeneic bone 
marrow cells and Spleen mononuclear cells had been trans 
planted (recipients (H-2) of BMS (H-2)) and in the group 
to which murine normal mature DCs had been administered 
subsequent to the transplantation (mDC (H-2)-treated 
recipients (H-2) of DMS (H-2)), the IFN-Y-producing cell 
content and IL-2-producing cell content increased compared 
with those in normal mice (H-2). In contrast, the IL-10 
producing cell content increased in the group to which 
allogeneic bone marrow cells and Spleen mononuclear cells 
had been transplanted and murine immunoregulatory DCS 
had been then administered (rDC (H-2)-treated recipients 
(H-2) of BMS (H-2)). 
0151. Donor-derived CD4" CD25 T cells (H-2) from 
the spleen mononuclear cells of mice (H-2') to which a 
variety of DCs (H-2') had been administered after trans 
plantation of allogeneic bone marrow cells and Spleen 
mononuclear cells (H-2) were obtained, and CD152 and 
CD154 expression thereof was compared with those in 
CD4" CD25 T cells of normal mice (FIG. 10C). Trans 
plantation and administration of DCS were carried out in the 
manner described above. CD4" CD25 T cells of normal 
mice were prepared from CD4 T cells of the spleen cells 
obtained in the manner described above using an anti-CD25 
antibody (Clone PC61, BD PharMingen) and a magnetic 
beads-coupled anti-rat IgG sheep antibody (Dynal). Donor 
derived CD4 CD25' cells of mice that had undergone 
transplantation and administration of a variety of DCS were 
similarly prepared from the donor-derived CD4 T cells 
obtained in the manner described above using an anti-CD25 
antibody and a magnetic-beads-coupled anti-rat IgG sheep 
antibody. Purity of the prepared CD4" CD25" cells was 
found to be 90% or higher as a result of analysis using 
FACS. CD154 and CD152 expression of the thus obtained 
cells were analyzed using FACS. In unprimed CD4 CD25 
T cells obtained from normal mice (H-2), CD152 was 
constitutively expressed in Some cells, although expression 
of CD154 was not observed as reported in the past (Taka 
bashi et al., 2000, J. Exp. Med. 192,303-309). In contrast, 
CD154 was expressed in most of donor-derived CD4 
CD25 T cells of mice to which allogeneic bone marrow 
cells and Spleen mononuclear cells had been transplanted 
and murine normal mature DCS had been then administered 
(mDC (H-2)-treated recipients (H-2) of BMS (H-2)). In 
most of the donor-derived CD4" CD25 T cells of mice to 
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which allogeneic bone marrow cells and Spleen mono 
nuclear cells had been transplanted and murine immuno 
regulatory DCs had been then administered (rDC (H-2)- 
treated recipients (H-2') of BMS (H-2)), CD152 was 
expressed. 

0152) Donor-derived CD4" CD25 T cells (H-2) in the 
spleens were prepared from mice (H-2) to which allogeneic 
bone marrow cells and spleen mononuclear cells (H-2) had 
been transplanted and murine immunoregulatory DCS 
(H-2) had been then administered (2 days after transplan 
tation), and changes in the ratios of CD152 to be expressed 
with the elapse of time were analyzed using FACS on 1, 3, 
5, 10, 30, and 60 days after transplantation (FIG. 10D). 
Transplantation, administration of DCs, and preparation of 
donor-derived CD4" CD25 T cells were carried out in the 
manner described above. Compared with unprimed CD4 
CD25 T cells of normal mice (H-2), the ratio of CD152 to 
be expressed was elevated after administration of murine 
immunoregulatory DCS and the high positive ratio was 
maintained until 60 days after administration in the CD4" 
GD25 T cells derived from mice to which allogeneic bone 
marrow cells and Spleen mononuclear cells had been trans 
planted and murine immunoregulatory DCS had been then 
administered (rDC (H-2)-treated recipients (H-2) of BMS 
(H-2)). 
0153. Reactivity of CD4 T cells (H-2) stimulated with 
mature murine allogeneic DCs (mDCs H-2'), that of 
unprimed CD4" CD25 T cells (H-2), and that of donor 
derived CD4" CD25" CD152* T cells (H-2) of mice (H-2) 
to which allogeneic bone marrow cells and Spleen mono 
nuclear cells (H-2) had been transplanted and murine 
immunoregulatory DCs (H-2) had been transplanted were 
compared in the same manner as in Example 8 (FIG. 10E). 
The ratio of the number of T cells to that of mature murine 
allogeneic DCs was 10:1. Donor-derived CD4" CD25" T 
cells of mice to which allogeneic bone marrow cells and 
Spleen mononuclear cells had been transplanted and immu 
noregulatory DCs had been then administered exhibited low 
response to mature murine allogeneic DC Stimulation, as 
with the case of unprimed CD4" CD25" T cells. None of the 
cells responded to murine allogeneic immunoregulatory 
DCs stimulation (rDCs (H-2)). A variety of CD4" CD25"T 
cells (H-2b) were added to a mixed-culture system of CD4" 
T cells (H-2) at the time of the aforementioned mature 
murine allogeneic DC stimulation (H-2') in amounts con 
sisting of the same number of cells as CD4 T cells so as to 
examine Suppressing activity of CD4" CD25 T cells, and 
evaluation was carried out based on H thymidine incorpo 
ration on the third day of culture. Donor-derived CD4 
CD25 T cells of mice to which allogeneic bone marrow, 
cells and Spleen mononuclear cells had been transplanted 
and immunoregulatory DCS had been then administered 
exhibited activity of suppressing the growth of CD4 T cells, 
as with the case of unprimed CD4 CD25 T cells, and this 
Suppressing activity was more potent than that of unprimed 
CD4" CD25 T cells. When the haplotype (mDCs (H-2)) 
was different from that of murine immunoregulatory DCs 
(rDCs (H-2)) to which mature murine allogeneic DCs for 
Stimulation had been administered, Similar Suppressing 
activity was observed. Thus, suppressing activity of CD4 
CD25 T cells derived from mice to which allogeneic hone 
marrow cells and Spleen mononuclear cells had been trans 
planted and murine immunoregulatory DCS had been then 
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administered was found to be antigen-nonspecific, as with 
the case of unprimed CD4" CD25* T cells. 
0154) In order to more precisely examine the level of 
suppressing activity of CD4" CD25 T cells shown in FIG. 
10E, the number of CD4" CD25 T cells (H-2) to be added 
to the mixed-culture System of mature murine allogeneic 
DCs (H-2) with CD4 T cells (H-2) was varied (FIG. 
10F). Transplantation and administration of DCs were car 
ried out in the manner described above. Donor-derived 
CD4" CD25 T cells (H-2) of mice (H-2') to which 
allogeneic bone marrow cells and Spleen mononuclear cells 
(H-2) had been transplanted and murine immunoregulatory 
DCs (H-2) had been then administered were prepared in the 
manner described above 5 days after the transplantation. A 
Smaller number of donor-derived CD4 CD25 CD152 T 
cells of mice to which allogeneic bone marrow cells and 
Spleen mononuclear cells bad been transplanted and immu 
noregulatory DCS had been then administered than 
unprimed CD4" CD25" T cells was sufficient to exhibit 
potent Suppressing activity, and enhanced activity of immu 
noregulatory T cells was observed with the administration of 
murine immunoregulatory DCs. 
O155 The way that suppressing activity of donor-derived 
CD4" CD25 T cells was enhanced with the elapse of time, 
which was caused by administration of immunoregulatory 
DCs (H-2') after transplantation of allogeneic bone marrow 
cells and spleen mononuclear cells (H-2), was examined 
(FIG. 10G). Transplantation and administration of DCs 
were carried out in the manner described above, Donor 
derived CD4" CD25 T cells (H-2) were prepared from 
mice (H-2') to which allogeneic bone marrow cells and 
spleen mononuclear cells (H-2) had been transplanted and 
murine immunoregulatory DCs (H-2") had been adminis 
tered (2 days after transplantation) on 1, 3, 5, 10, 30, and 60 
days after transplantation (rDC (H-2)-treated recipients 
(H-2) of BMS (H-2)) in the manner described above, and 
Suppressing activity was examined in the same manner as 
with the case shown in FIG. 10E. The suppressing activity 
was equivalent to that of unprimed CD4 CD25 T cells on 
day 1, although Suppressing activity was enhanced after the 
administration of immunoregulatory DCs, and high Sup 
pressing activity was maintained until 60 days after the 
transplantation. 

0156 Reactivity and Suppressing activity of donor-de 
rived CD4" CD25 T cells (H-2) of mice (H-2') to which 
allogeneic bone marrow cells and Spleen mononuclear cells 
(H-2) had been transplanted and murine normal mature 
DCs (H-2) had been then administered were examined in 
the same manner as that shown in FIG. 10E (FIG. 10H). 
Unlike the donor-derived CD4 CD25 CD152* T cells 
(H-2) or mice to which murine immunoregulatory DCs had 
been administered, the donor-derived CD4" CD25" CD154" 
T cells (H-2) of mice to which murine normal mature DCs 
had been administered exhibited more potent growth 
responses with mature murine allogeneic DCS Stimulation 
(mDCs (H-2)) than the CD4 T cells (H-2). No activity of 
suppressing CD4 T cell growth when added to the mixed 
culture system for mature murine allogeneic DCs and CD4" 
T cells was observed. Subsequently, the following experi 
ment was carried out in order to examine the properties of 
suppressing activity observed in the donor-derived CD4" 
CD25 T cells (H-2b) of mice (H-2) to which allogeneic 
bone marrow cells and spleen mononuclear cells (H-2) had 
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been transplanted and immunoregulatory DCs (H-2") had 
been then administered. At the outset, Suppression assay 
similar to that shown in FIG. 10E was carried out in the 
presence of 100 U/ml of IL-2 to examine the influence of 
IL-2 on Suppressing activity. In the presence of IL-2, Sup 
pressing activity of donor-derived CD4 CD25 T cells of 
mice to which allogeneic bone marrow cells and Spleen 
mononuclear cells had been transplanted and murine immu 
noregulatory DCS had been then administered was partially 
attenuated. A transwell experiment was further carried out in 
order to examine the dependence of Suppressing activity on 
cell contact in the following manner. Mature murine allo 
geneic DCs (H-2', 10 cells/well), CD4 T cells (H-2, 10 
cells/well), and donor-derived CD4" CD25 T cells (H-2b, 
10° cells/well) of mice to which allogeneic bone marrow 
cells and Spleen mononuclear cells had been transplanted 
and murine immunoregulatory DCS had been then admin 
istered were mixed in a 24-well plate (coculture). Alterna 
tively, CD4 T cells and mature murine allogeneic DCs were 
cultured separately from CD4" CD25 T cells and mature 
murine allogeneic DCs using a transwell for 4 days (sepa 
rated culture). Normal mature murine DCs were then 
removed, T cells remaining thereafter were transferred to a 
96-well plate in amounts of 10 cells/well, and H thymidine 
incorporation 5 days after the initiation of culture was 
evaluated. When cell contact between CD4 T cells and 
CD4. CD25 T cells was blocked with a transwell, Sup 
pressing activity disappeared. This demonstrated the depen 
dence of Suppressing activity on cell contact. 

0157 Roles of IL-10-producing CD4 T cells and those 
of CD4 CD25 T cells in therapeutic and ameliorating 
effects of murine immunoregulatory DCs on acute GvHD 
developed after allogeneic bone marrow transplantation 
were inspected in the following manner (FIG. 10I). In 
accordance with Example 9, allogeneic bone marrow cells 
and spleen mononuclear cells (H-2) were transplanted to 
recipient mice (H-2'), and murine immunoregulatory DCs 
(1.5x10 cells/mouse) were administered thereto on the sec 
ond day. Thereafter, an anti-CD25 antibody (Clone PC61, 
BD PharMingen), an anti-IL-10-neutralizing polyclonal 
antibody (model AB-417-NA, R&D Systems, Minneapolis, 
Minn.), an anti-TGF-B-neutralizing antibody (Clone 1D11, 
R&D Systems, Minneapolis, Minn.), or control rat IgG were 
administered intravenously to mice in amounts of 500 
tug/mouse 3, 5, 7, 9, 10, 13, and 15 days after transplantation. 
Administration of the aforementioned anti-CD25 antibody 
resulted in disappearance of 98% or more of CD4 CD25" 
T cells in the Spleens of the recipient mice to which murine 
immunoregulatory DCS had been administered 16 days after 
transplantation. As a result, the effects of murine immuno 
regulatory DCs for ameliorating acute GvHD were signifi 
cantly deteriorated by the administration of an anti-CD25 
antibody or anti-IL-10 antibody, although no influence was 
imposed upon the aforementioned effects by the adminis 
tration of an anti-TGF-B antibody or control rat IgG. Simul 
taneous administration of an anti-CD25 antibody and an 
IL-10 antibody more potently suppressed the effects of 
murine immunoregulatory DCs to ameliorate acute GvHD 
(FIG. 10). Effects of single administration of CD4" CD25" 
immunoregulatory T cells, CD4" CD25" CD154" T cells, or 
CD4" CD25" CD152' T cells to recipient mice to which 
allogeneic bone marrow cells had been transplanted were 
inspected. Allogeneic bone marrow cells and Spleen mono 
nuclear cells (H-2) were transplanted to recipient mice 
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(H-2') in accordance with Example 9, and the unprimed 
CD4" CD25" immunoregulatory T cells, CD4" CD25" 
CD154" T cells, and CD4" CD25" CD152' T cells prepared 
on the second day (H-2) were administered intravenously 
thereto once. As a result, the CD4" CD25" CD152' T cells 
exhibited more potent Suppressing effects on acute GvHD 
compared with the unprimed CD4 CD25 immunoregula 
tory T cells. In contrast, CD4" CD25" CD154" T cells were 
apt to significantly exacerbate the Suppressing effects (FIG. 
10J). 

Example 12 

Analysis of Phenotype of Cells Induced from 
Allogeneic CD4" CD25 T Cell in vitro Using 

Murine Immunoregulatory DCs 

0158 CD4 mononuclear cells derived from spleens of 
C57BL/6 mice (H-2) were prepared in the manner 
described above, and CD25" cells were removed therefrom 
using a rat anti-CD25 antibody and a magnetic-beads 
coupled goat anti-rat IgG antibody. Thus, CD4 CD25T cells 
with purity of 95% or higher werc prepared. The resulting T 
cells were Stimulated by being Subjected to mixed culture 
with murine normal mature DCS or murine immunoregula 
tory DCs prepared from BALB/c mice (H-2') in a manner 
described above at a mixing ratio of 10:1 (T cells:DCs). Five 
days after the initiation of mixed culture, DC fractions were 
removed using a mouse anti-I-K" antibody and a magnetic 
beads-coupled goat anti-mouse IgG antibody to prepare T 
cell fractions, and the resultants were analyzed by flow 
cytometry. As shown in FIG. 11, the CD154 cell content 
was high and the CD152" cell content was low in T cells 
Stimulated with murine normal mature DCS. In contrast, the 
CD154 cell content was significantly lower and the 
CD152" cell content was significantly higher in T cells 
Stimulated with murine immunoregulatory DCS than in 1 
cells stimulated with murine normal mature DCs. This 
indicates that murine immunoregulatory DCs can also 
induce CD152" cells in vitro. 

Example 13 

Influence of Murine Immunoregulatory DCs on 
Graft-Versus-Leukemia Effects in Tumor-Bearing 
Mice Transplanted with Bone Marrow Cells and 

Spleen Mononuclear Cells 
0159) P815 mastocytomas (2x10 cells/0.2 ml, H-2', 
RIKEN Cell Bank, Tsukuba, Japan) were administered intra 
venously to BALB/c mice (H-2', each group consisting of 5 
individuals). Two days thereafter, mice were Systemically 
irradiated with lethal doses of radiation (10 Gy/mouse, 
source: 'Co, MBR-1505R2, Hitachi Medical, Tokyo, 
Japan), and a group to which host-incompatible bone mar 
row nucleated cells (BM, 1.5x107 cells suspended in 0.2 ml 
of phosphate buffered Saline) prepared in a manner 
described above or host-incompatible bone marrow nucle 
ated cells and spleen mononuclear cells (BMS, a mixture of 
1.5x107 cells each suspended in 0.4 ml of phosphate buff 
ered Saline) were administered via tail veins were prepared. 
The influence of murine immunoregulatory DCs (rDCs) on 
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graft-Versus-leukemia effects was observed by administer 
ing murine immunoregulatory DCS to the group to which 
host-incompatible bone marrow nucleated cells and Spleen 
mononuclear cells (BMS) (a mixture of 1.5x10" cells each 
suspended in 0.4 ml of phosphate buffered saline) had been 
administered on the Second day. 

0160 FIG. 12 shows the results of observation concern 
ing the Survival of mice (FIG. 12A), changes in body 
weights (FIG. 12B), and weights of livers or spleens (FIG. 
12C). All mice that bad been systemically irradiated with 
radiations died, their body weights decreased, and Spleno 
hepatomegaly was observed until the 12th day. In contrast, 
life prolongation was observed until the 30th day in the 
group to which only BM had been administered, although 
death involving Splenohepatomegaly, which was presum 
ably caused by leukemia, was observed. While all mice died 
in the period up until the 8th day in the group to which BMS 
had been administered, life prolongation of 60 days or 
longer and liver and Spleen weight increases were observed 
in the group to which murine immunoregulatory DCS had 
been further administered. This indicates that anti-graft 
Versus-host disease effects were observed and graft-Versus 
leukemia effects could be maintained in the group to which 
murine immunoregulatory DCS had been administered. 

Example 14 

Murine Immunoregulatory DCS Suppress 
Developed Type II Collagen-Induced Arthritis 

0.161 Activity of murine immunoregulatory DCs upon 
type II collagen-induced arthritis was examined. Arthritis 
was induced by Subcutaneously administering 100 lug of 
bovine type II collagen (CII) to DBA/1 mice. CII, which had 
been used for Sensitization, was administered as an emulsion 
together with Freund's complete adjuvant (Difico, Detroit, 
Mich.). Arthritis was observed every other day, and the 
results of observation were scored. Criteria were as follows: 
0=no change, 1=Slight erythema and edema, 2=advanced 
erythema and edema, and 3=deformity involving joint flex 
ion. The maximal score would be 12 for total of 4 criteria. 
The day when arthritis had been developed was determined 
to be day 1, and murine normal mature DCS or murine 
immunoregulatory DCS were administered through caudal 
veins on that day. A group to which DCs had not been 
administered was provided as a control. Murine normal 
mature DCS were prepared in a manner as described in 
Example 6, these cells were cultured in the presence of CII 
(1 lug/ml) for 24 hours, and the culture products were then 
administered, AS a result, murine immunoregulatory DCS 
more significantly Suppressed the development of arthritis 
compared with the control group and the group to which 
murine normal mature DCs had been administered (FIG. 
13A). Ten days after the development of arthritis, T cells 
derived from murine inguinal lymph nodes and Subgenual 
lymph nodes were isolated, and their reactivity with murine 
normal mature DCs cocultured with CII was examined in the 
following manner. Lymphocytes were isolated from murine 
inguinal lymph nodes and Subgenual lymph nodes using a 



US 2005/003221.0 A1 
18 

Lympholyte-M (Cedarlane), and the isolated lymphocytes 
were Subjected to negative Selection using anti-Ly76, B220, 
Ly-6G, I-A/I-E, and a magnetic-beads-coupled anti-rat IgG 
antibody to prepare T cells. CII-pulsed DCs were prepared 
in the following manner. Murine DCs were cultured in the 
presence of CII (1 lug/ml) for 24 hours, and the obtained DCs 
were further cultured in the presence of LPS (1 lug/ml) for 3 
days. The obtained T cells (10 cells) and X-ray (15 Gy)- 
irradiated murine normal mature DCs (10 to 5x10" cells) 
were cultured on a 96-well plate for 5 days, and cell growth 
assay was carried out. As a result, T cells derived from mice 
to which murine normal mature DCs had been administered 
exhibited Significantly elevated reactivity compared with the 
control group, and the reactivity of T cells derived from mice 
to which murine immunoregulatory DCS had been admin 
istered was lowered (FIG. 13B) 

Example 15 

Effects of Immunoregulatory DCs for Suppressing 
Experimental Autoimmune Encephalomyelitis 

(EAE) 
0162 Partial peptides of myelin oligodendrocyte glyco 
proteins (200 ug, MOG35-55: MEVGWYRSPFSRVVH 

Group 

Control group 
DCreg adiministered group 
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hind legs, 5=paralysis of fore and hind legs, and 6=death. 
Concerning the EAE Scores, the area under curve (AUC) 
was determined for each individual for the purpose of 
Statistical tests. 

0163 FIG. 14 shows changes in the mean EAE scores. In 
the control group, the development of EAE was first 
observed about 1 week after the induction of EAE, the rate 
of development reached its peak about 2 weeks thereafter, 
and this Status was maintained until the fourth week. In 

contrast, the development of EAE was first observed I week 
after the induction of EAE in only a few individuals in the 
group to which immunoregulatory DCS had been adminis 
tered, although the Symptoms thereof were milder than those 
of the control groups. Table 2 shows values for a variety of 
parameters associated with the EAE Symptoms obtained in 
an experiment identical to that of FIG. 14. In the group to 
which immunoregulatory DCS had been administered, the 
EAE Scores (AUC), the maximal Scores, and the rate of 
development were significantly lowered compared with 
those of the control group. This indicates that the adminis 
tration of immunoregulatory DCs can Suppress multiple 
Sclerosis. 

TABLE 2 

Effect of immuno reguratory DC adiminsitration on 
parameters of EAE (Mean it SD 

in EAE score (AUC) Day of onset Maximum score Onset (%) 

"p < 0.05 (X-squared test), 
**p < 0.01 (t-test) 

LYRNGK: SEQ ID NO: 1, Qiagen) and heat-killed Myco 
bacterium tuberculosis H37Ra (600 ug, Difco) were added 
to complete Freund's adjuvant (CFA, Difico) to prepare an 
emulsion. The thus-prepared emulsion was administered 
intradermally to the backs of 8-week-old C57BL/6 mice for 
immunization on day 0. One day thereafter, pertussis toxin 
(Seikagaku Corporation) was administered intraperitoneally 
to the mice in amounts of 400 ng/mouse to induce experi 
mental autoimmune encephalomyelitis (EAE). EAE is an 
experimental animal model of multiple sclerosis. C57BL/6 
mouse-derived immunoregulatory DCs (2x10 cells) were 
administered intravenously to the mice on the Second day, 
and a phosphate buffered saline (PBS) solution was admin 
istered to the control group. In this experiment, groups of 
mice each consisting of 10 individuals were employed. 
Immunoregulatory DCs were induced from the murine bone 
marrow cells by the process described in Example 6. In this 
experiment, 26 tug/ml of MOG35-55 was added to the 
medium during the final 2 days of culturing at the time of 
LPS stimulation for inducing immunoregulatory DCs. The 
severity of EAE symptoms was scored as follows: 0=nor 
mal; 1 =loSS of tail tonicity, 2=impairment in righting reflex; 
3=partial paralysis of hind legs, 4=complete paralysis of 

10 37.3 4.9 9.5 + 1.9 2.1 O.3 100 
1O 7.8 12.2** 12.5 5.2 O.7 O.9** 4Of 

Example 16 
Effects of Immunoregulatory DCs for Suppressing 

Delayed-Type Hypersensitivity (DTH) 
0164 Chicken ovalbumin (OVA, 100 lug) was added to 
complete Freund's adjuvant (CFA, Sigma) to prepare an 
emulsion. The thus-prepared emulsion was administered 
intradermally to the backs of 9-week-old C57BL/6 mice for 
immunization and Sensitization on day 0. Ten days thereaf 
ter, 20 ul of a PBS solution containing 10 ug of OVA was 
administered to the auricle to induce delayed-type hyper 
sensitivity (DTH) On the following day, a piece of the 
auricle (diameter: 5 mm) surrounding the site to which OVA 
had been administered was removed using a skin biopsy 
puncher, it was weighed using an electronic balance, and the 
result was adopted as an indicator for the severity of DTH. 
C57BL/6 mouse-derived immunoregulatory DCs (1.5x10 
cells) were administered intravenously to the mice on the 
first day, and a phosphate buffered Saline Solution was 
administered to the control group. In this experiment, a 
group that was not sensitized with OVA was provided in 
addition to the control group. The group that was not 
sensitized with OVA consisted of 5 mice, and other groups 
each consisted of 10 mice. Immunoregulatory DCs were 
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induced from the murine bone marrow cells by the proceSS 
described in Example 6. In this experiment, 2 mg/ml of OVA 
was added to the medium during the final 2 days of culturing 
at the time of LPS Stimulation for inducing immunoregula 
tory DCs. 

0165 FIG. 15 shows the effects of DTH suppression. In 
the group to which immunoregulatory DCS had been admin 
istered, DTH was significantly Suppressed than in the con 
trol group. DTH is a typical Th1 response. This indicates 
that the administration of immunoregulatory DCs can Sup 
preSS autoimmune diseases or hyperinflammatory responses 
caused by Th1 responses. 

0166) 
0167 As described in the Examples, immunoregulatory 
DCs stimulated with IL-10 and TGF-B induce antigen 
Specific anergy to T cells and SuppreSS reactivation of 
activated T cells (Example 2). Also, the aforementioned 
immunoregulatory DCS SuppreSS graft-Versus-host disease 
after Xenogeneic transplantation caused by T cells (e.g., 
Example 5). Further, immunoregulatory DCS Suppress 
immune-related diseases (Example 14). AS described in 
these Examples, the immunoregulatory DCs of the present 
invention Suppress rejection caused along with cell, organ, 
or tissue transplantation, have therapeutic effects on graft 
Versus-host disease while maintaining graft-verSus-leuke 
mia effects, and also have therapeutic effects on autoimmune 
and allergic diseases. 

Industrial Applicability 

0168 All publications cited herein are incorporated 
herein in their entirety. A perSon Skilled in the art would 
easily understand that various modifications and changes of 
the present invention are feasible within the technical idea 
and the Scope of the invention as disclosed in the attached 
claims. The present invention is intended to include Such 
modifications and changes. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 1 

<210> SEQ ID NO 1 
<211& LENGTH 21 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
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2. The method of preparing human immunoregulatory 
dendritic cells according to claim 1, wherein the human 
dendritic cells are derived from human monocytes. 

3. A method of preparing human immunoregulatory den 
dritic cells comprising culturing human monocytes in the 
presence of GM-CSF, IL-4, IL-10, and TGF-B. 

4. The method of preparing human immunoregulatory 
dendritic cells according to claim 3, wherein culture is 
further conducted in the presence of at least one of TNF-C. 
and LPS. 

5. The method of preparing human immunoregulatory 
dendritic cells according to any one of claims 1 to 4, wherein 
culture is further conducted in the presence of an antigen 
existing in a tissue or organ associated with a disease to be 
treated. 

6. The method of preparing human immunoregulatory 
dendritic cells according to claim 5, wherein the disease is 
an autoimmune or allergic disease. 

7. The method of preparing human immunoregulatory 
dendritic cells according to claim 5, wherein the disease is 
rheumatoid arthritis or multiple Sclerosis. 

8. Human immunoregulatory dendritic cells prepared by 
the method according to any one of claims 1 to 7. 

9. The human immunoregulatory dendritic cells according 
to claim 8, wherein expression levels of CD83, CD40, 
CD80, and CD86 are significantly lower than those in 
mature human dendritic cells that were not cultured in the 
presence of both IL-10 and TGF-B. 

10. The human immunoregulatory dendritic cells accord 
ing to claim 8 or 9, which are capable of inducing antigen 
Specific anergy to allogeneic CD4 T cells in vitro, Sup 
pressing reactivation of activated allogeneic CD4 T cells 
and CD8" T cells, inducing allogeneic and naive CD4 T 
cells and CD8" T cells to become CD4" CD25 immuno 
regulatory T cells and CD8 CD28 immunoregulatory T 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<400 SEQUENCE: 1 

Met Glu Val Gly Trp Tyr Arg Ser Pro Phe Ser Arg Val Val His Leu 
1 5 10 

Tyr Arg Asn Gly Lys 
2O 

1. A method of preparing human immunoregulatory den 
dritic cells by culturing human dendritic cells or their 
precursor cells in vitro with IL-10 and TGF-B. 

15 

cells, respectively, and inducing immune-Suppressing 
responses Such as the Suppression of graft-Versus-host dis 
ease after Xenogeneic transplantation in a human T cell 
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transplanted immunodeficient mouse through administration 
of the aforementioned cells to which Xenoantigens have 
been imparted. 

11. A pharmaceutical composition comprising the human 
immunoregulatory dendritic cells according to any one of 
claims 8 to 10. 

12. The pharmaceutical composition according to claim 
11, which Suppresses graft rejection caused along with cell, 
organ, or tissue transplantation. 
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13. The pharmaceutical composition according to claim 
11, which can be used for treating graft-Versus-host disease. 

14. The pharmaceutical composition according to claim 
11, which can be used for treating an autoimmune or allergic 
disease. 

15. The pharmaceutical composition according to claim 
11, which can be used for treating rheumatoid arthritis or 
multiple Sclerosis. 


